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Part 1 page l 

SUMMARY 

OP TECHNICAL REPORT HO. 6 

Investigation of Methods of \ 

cipal object. 

J Determining Terrain Conditions by 
Interpretation of Vegetation from Aerial Photography 

The Line of Thought Underlying This Research. 

a) The Art of Fighting or TACTICS is the combined use of 

PROTECTION 

WEAPONS 

MEANS OF MOVEnENT 

b) VEGETATION MAY BE CONCERNED IN ALL THREE OP THESE 

It may function as cover or concealment or even shelter 
to one or both opposing armies 

It may function as cover or concealment or even shelter 
to their weapons 

It may retard or accelerate movement of armies and 
It may indicate roughly the extent to which the soil and/ 

or subsoil underneath it, retard or accelerate movement. 

o) This last point is the principal object of this 

research* However the other points mentioned may be properly 

included in "Terrain Conditions" in its widest sense and are 

considered here but as of secondary importance in thir. project 

d)Purther. of the methods of interpreting vegetation from 

aerial photography, keys for this purpose were to be the prin- 
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In Pert I of thio report, there ia included: 

1. An introduction attempting to show the place of photo- 

interpretation of vegetation in tactics and fundamental military 

theory. 

2. A series of various types of keys to aid in the mil- 

itary photo-interpretation of vegetation. 

3. A set of FUNDAMENTAL PRINCIPLES valid for deducing 

terrain conditions from vegetation in any part of the world. 

U..  A novel method of deducing terrain conditions from 

vegetation shown on color photography by the use of special 

filters and a special light-table. 

5. Information additional to that detailed in Technical 

Report No 2 of this series, for the detection of camouflage. 

6. Ways and means of improvising even on the h»ttle-field 

special "rough-and-ready" filters, such as, a "fox-hcle-detect- 

ing filter". 

7. A set of seventeen differently colored sheets of paper 

to serve as 

a) a means of improvising colored light 

b) a short scale of color which have been designated by 

1 
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a standard system of names (Inter••Society Color Council and 

national Bureau of Standards Names) and a standard system of 

color notation (Munsell's). 

o) as a means of training the photo-interpreter to think 

in terms of color photography and to be resourceful when working 

with it or any problems in plioto-interpretation. 

8, A set of eight plates (I to VIII) designed to train 

the photo-interpreter in deducing from vegetation on photographs 

such military information as: the location of road-building mat- 

erials; the recognizing of some factors of the local climate; 

( )     the height of the water-table; the implications of seasonal 

changes in camouflage, etc.; the sensitivity of marshes as rec- 

orders of military operations. 

9, A set of six plates of air photographs (two from New 

York; four from Texan forests) illustrating the best and the 

poorest means of detecting browning of vegetation. When properly 

studied, browning of vegetation can sometimes rev«»l enemy oper- 

ations, 

10, A set of five plates demonstrating that a snow-fall 

does not always veil terrain conditions from the sight of th6 

interpreter but often re\eals them even more clearly than ever. 
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11* A aet of five platea showing stereo air photographs 

interpreted for travel and other terrain conditions in the fir- 

pine forests of a southern extension of the subarctic coniferous 

forest in Oregon and Colorado. 

12« A nine-page glossary of definitions or terms used 

in this report and in more or less general ose in the photo- 

interpretation of vegetation,olso\;nore. 

13. A chart showing the tranaliteration from the Russian 

or Cyrillic alphabet into the Roman alphabet for use in dealing 

(...)     with Russian titles of maps, books, etc. 

II4., Two practice sheets by which the interpreter can 

learn transliteration without a teacher, and can realize that 
i 

occasionally transliterating is tantamount to translating It 

the case of Russian foreign words and scientific tarns. 

l5« A set of 66 practice-questions and answers in photo- 

interpretation based on thirty plates of photographs of veget- 

ation on subarctic mountains. 

16. A similar set of 21±  practice-questions and answers 

based on 26 plates of the subarctic lowlands. 

17. A detailed fifteen-page index for all four parts of 
( 

this report, 
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Part I 

In Part II of this report, there is included: 

1. A rapid, original "scanning" method of deducing ter- 

rain conditions from even small-scale air and/or ground photo- 

graphs, using both landforms and associated patterns of veg- 

etation, whereby the landforms indicate the general conditions; 

and the vegetative patterns, the details of the terrain con- 

ditions within each type of landform. 

2. "Air photographs taken when there is snowfall on the 

shores of the Bay do  not, as is commonly thought, blot out 
i 

all possibility of interpreting terrain conditions but on the 

(       contrary, increase the information the interpreter can deduce 

especially as regards marshes.  Observations made in the Bay 

area were extended to Canada and are treated as generalization 

in Part I under Snowfall Series illustrated by 5 plates." 

3. "Observations on the marshes in the "Bay" and on snow- 

covered terrain led the Project Director to consider both of 

these as a very sensitive medium on which military movement can- 

not be made without leaving traces which are readily recorded 

and even more readily interpreted on air photographs.  Because 

these observations were expanded into generalizations probably 
i 

valid the world-over, they are described in detail in Part I. 

It should be stated here that mine-laying, setting barbed-wire, 

or any military movement in a cat-tail marsh is indelibly bet- 

rayed on a vertical photograph." 
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Part I 

Pert III of Technical Report No 6 presents a photo~in- 

torpretlve etudy of a comprehensive variety of sample areas of 

the three main divisions of Arctic and Subarotic regions mount- 

ains, lowlands, and shield areas.  The following first three 

"test locations" were judged to be representative of these main 

classifications, with the remaining studies regarded as "test 

locations" for conditions intermediate between these three 

great classes: 

Lowlands - test location: James Bay 

Mountains - test location: Nahanni Valley 

(" » Shield Areas - K&nlapiskau, and Val David in the 

Canadian Shield,in Technical Report No 5. 

The lowland "test location" represents fairly well much 

of the subarctic lowlands elsewhere, as the lowlands of Poland, 

the Pripet Marshes, the Masurian lakes, as well as vast areas 

in the central Siberian Plain, the largest plain in the world. 

The mountain "test location", used to study terrain con* 

ditions deduclble from vegetation seen on air photographs, was 

made in one of the wildest, most inaccessible and rugged mount- 

ain areas of North America, and was considered comparable to 

mountainous regions elsewhere in the Arctic and Subarctic, e.g. 

in northeastern Siberia, Kamchatka, etc.  In such areas, game 

I 
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trails were discovered by Shamp's party to be often the best 

and only routes of travel for small parties,   such as*   those en- 
i 

gaged in reconnaissance or intelligence. 
! 

In the Arctic a large portion of the earth's surface is 

oovored with ioe and snow from six to twelve months of the year. 

Snow therefore forms the commonest background in very much of 

the photography of the Arctic. Hence the necessity for the 

photo-interpreter to recognize a considerable number of objects 

other than ioe and snow which appear white on Arctiv photography. 

(~) Noteworthy innovations in Part III include: 

1. A new means of deducing landing corditions on Arctic 

beaches       from patterns of living and dead seaweeds at 

various tidal levels, and the dead seaweed, driftwood and flot- 

sam and Jetsam on the strand of the beaches. 

2. The use of air photographs taken by a small hand cam- 

era in correlation with smaller-scale photographs taken by an 

aerial camera (a 9-lens camera of the Coast and Geodetic Survey) 

in the Matanuska Valley, Alaska, Ground photographs and field 

studies of the vegetation were correlated in turn with this 

double set of air photographs to provide the photo-interpreter 

with an example of correlating small-scale vertical photographs 

with moderate scale oblique air photographs, and with field 
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studies of the vegetation on the ground. 

;t. A study of terrain conditions deducible from air 

photographs in a peat-cutting area in the subarctic spruce-fir 

forest, using as a "test location" Pointe-au-Pere, Rimouoki, 

Quebec, somewhat similar to the Irish, Russian and Baltic peat- 

districts. 

I4.. A means of training photo-Interpreters in the use of 

information not on the photographs themselves.  For this purpose 

the expedient of using map*, all on the same scale ard same 

style of projection, and therefore superposable, enables the 

photo-interpreter almost at a glance to ascertain the correlation 

or non-oorrelation of different factors effecting terrain con- 

ditions and vegetation, and thus assisting him in interpreting 

pnotographs of the region represented by the maps. 

5. A Botanical-Climatic map pf the Arctic regions giving 

the approximate boundaries for the Arctic and subarctic regions 

of vegetation as understood in this Report. 

In Part IV there is included: 

1, A stand of terrain conditions in northern half of 

Maine and the recognition of roadbuilding material from landforms 

and vegetation seen on air photographs. 

L 
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2, A set of four plates illustrating terrain conditions 

in a mixed pine forest and grassland in Colorado. (C 1-C I4.) 

3. A set of eight plates (D-l to D-8) illustrating the 

use in photo-interpretation of a series of air pictures and 

ground pictures, all taken by a small hand camera, by the same 

interpreter within the space of two hours in what may be con- 

sidered as practically a southernmost extension of the subarct- 

ic in attenuated form, nearly obliterated by the advancing tem- 

perate oak forest. 

ll* A series of ten plates (p-1 to 10) illustrating the 

subarctic forest at what is practically its southern boundary, 

as well as the effects of open-pit mining on vegetation as seen 

on air photographs. 

5. A set of twenty-six plates showing matched stereo-air 

and ground photographs of the twenty-six principal types of 

vegetation in the sub-arctic region of northern Wisconsin. 
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LIST OP PLATES IS PAST I 

I Stereo Infra-red and Panchromatic Air Photographs as 

a Means of Locating Gravel. Eaker in Maine, Glacial Outwash 

in Alaska. 

II Ground Photographs of Vegetation as a Keane of Deduc- 

ing Local Climate near the Ground (Microclimate). Direction 

of Prevailing or Strongest Winds, Average Height of Snow in 

the Subarctic Region Shown by Black Spruce, Je-nes Bay, Hudson 

Bay and Labrador. 

Ill Ground Photographs of Successive Zones of Vegetation 

Indicating Corresponding Zones of Terrain from the Water to 

the Top of the Banks of the Attawapiskat and Albany Rivers, 

Canada, 

.IV Stereo Panchromatic Air Photographs Showing Seasonal 

Aspeot, Summer and Winter of Swamp and Marsh Zones, Beits- 

vine, Md, 

V Stereo Ground Photographs Showing Details of a Cat- 

tail Marsh as a Barrier Which Cannot Be crossed by Man or 

Large Animals Without Leaving a Track Plainly Visible on Air 

Photography,  Chesapeake Area. 
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LIST QP PLATES IN PART I 

41 

(continued) 

VI Stereo Infra-red Air Photographs of RED Sprues on a 

Steep Slope in MsJ^jie.  Sterec around Photographs of Yellow 

Birch, Balsam Fir, and Black Spruce on a Steep Slope in Ver- 

mont. Showing That Spruce Occurs on RELATIVELY Dry Slopes 

Especially When Severe Environmental Conditions Reduce Com- 

petition by Other Trees. 

Landforms and Vegetation as Indicators 

of Road Building Material 

VII Stereo Infra-red Air Photographs of Glacial Gravelly 

Deposits, Esker, Kame and Gravel Pit and Booms In Rivers in 

Maine. Stereo Ground Photographs Showing stacked Pulpwood 

and Norway Pin© in Wisconsin. 

VIII Stereo Infra-red Air Photographs Showing Road Built on 

a Gravelly Glacial Deposit, in MsL_ne. Stereo Ground Photo- 

graphs or Gravelly Glacial Deposits in Wisconsin. 
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(continued) 

* 
Filters, Films and Scales 

in Detecting Browning of Vegetation. 

MY-1 Stereo Panchromatic Air Photographs* «ew York. 

NY-H Stereo Panchromatic Air Photographs* 

T-l Stereo Panchromatic Air Photographs, Texas, 

T-2 Stereo Panchromatic Air Photographs, Texas. 

T-3 Stereo Panchromatic Air Photographs, Texas, 

T-ij. Stereo Infr&=red Air Photographs, Texas. 

iii 

# 

APPENDIX U Snowfall Series 

I  Stereo Ground Panchromatic Photographs, Harsh areas, 

on PI. II. 

II Stereo Vertical Air Panchromatic Photographs?Marsh areas. 

III Stsrec Ground Panchromatic Photographs, Melting snow- 

indicator. 

IV Stereo Ground Panchromatic Photographs, Persistence of 

snow. 

V Stereo Ground Panchromatic Photographs, Snow pattern- 

indicator. 
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LIST OP PLATES IN PART I 

(continued) 

APPENDIX Hi Travel Conditions in Fir-Pine Forests 

CC**Saries, Oregon and Colorado 

I Stereo Panchromatic Air Photographs, Burnt-over area. 

II Stereo Panchromatic Air Photographs, Older-burnt-over 

area. 

Ill Stereo Panchromatic Air Photographs, Forest border 

and marsh. 

IV Stereo Panchromatic Air Photographs, Effect of slope 

aspect. 

V Stereo Panchromatic Air Photographs, Effect of slope 

aspect. 

Si.   < 
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INTRODUCTION 

This la the FINAL REPORT of Project No. 257GC2, Office 

of Naval Research, entitled "Investigation of Methods of Det- 

ermining Terrain Condition by Interpretation of Vegetation 

from Aerial Jfcotograohy." 

Since the central idea of this title and project is 

TERRAIN CONDITIONS, it seems appropriate to state here what 

Terrain Conditions signify in National Defense as understood 

here. To put it sore explicitsly and more bluntly, since 

National Defense is nothing more than the ability to wage war, 

if we must, it is necessary to understand at the outset the 

fundamental part played by TERRAIN CONDITIONS in WAGING WAR. 

This can be done by examining a concept cf what is WAGING WAR 

by one of the most able of military writers and thinkers, Gen- 

eral J.F.C, Puller.  In "Machine Warfare" beginning Chapter VI, 

he says: 

"THE OBJECT OP ALL MILITARY ORGANIZATION IS TO ENABLE 

THE PRIMARY TACTICAL FUNCTIONS ACCORDING TO THE CIRCUMSTANCES 

OF THE MOMENT, TO EXPRESS THEMSELVES IN THE MOST EFFECTIVE WAY: 

and though the organisation of a present day army Is »xceed~ 

ingly complex, these functions remain SIMPLE and INVARIABLE. 
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"To understand what they are, all that is necessary 

la to reduce the battle,-the central act of war* to Its simplest 

form, and then observe what happens. When two men fight, what* 

ever the stake may be, they have   to guard, to hit and to 

MOVE. Whether they are armed or unarmed, or whether they are 

fighting on foot, on horseback or from within MACHINE, THESE 

THREE FUNCTIONS REMAIN CONSTANT.  Multiply the two men to any 

number and the result is EXACTLY THE SAME.  Therefore, it 

follows that all organisation to be tactically efficient, must 

express these three functions, and the more readily, rapidly 

and effectively it does so, the more perfeot it is in itself, 

... out of their combined use, TACTICS, or the ART OF FIGHTING, 

is evolved." (Capitals used for emphasis,not the author*s but 

the Project-Director's ). 

TO SUM UP-' 

Two Men Fighting Need 

To Guard 

To Hit 

To Move 

Two Armies Fighting Need 

Protection 

Weapons 

He ana of Movement 
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New, VEGETATION may be concerned in all three of 

these elements of TACTICS; for 

It ma? function as cover or concealment or e?«n shelter 
to one or both opposing armies, 

It may function as cover or concealment or even shelter 
to their weapons, 

It may retard or accelerate movement of armies and 

It may indicate roughly ths extent to which the soil 
and/or subsoil underneath it- retard or accelerate movement. 

This last point is the principal object of this 

research.  However the other points mentioned may be properly 

included in "terrain Conditions'1 in its widest sense and are 

considered here but as of secondary importance in this project. 

Now according to General Fuller (op. cit.) there are: 

Three forms of movement: human, animal and mechanical. 

Three mediums of movements earth, water and air. 

Three dimensions of movement: one-dimensional, along roads 
and railways; 
two-dimensional, over land and 
water surfaces; 
three-dimensional, under water 
and through the air. 

Three types of military 
movement:   strategical, tactical and admin- 

istrative. 
To these twelve aspects of movement, should be added, a thir- 
teenth factor which modifies all of these twelve more or less 
profoundly;vis, 

WEATHER 

It may be objected that weather is not a "terrain condition3, 
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that it is better named as an "environmental factor". But, by 

whatever classification, weather is universally present and 

commonly modifies all these aspects of movement so profoundly 

that it would be folly to Ignore it.  e.g. Prolonged rainy 

weather turns CULTIVATED FIELDS everywhere into a morass of 

deep soft mud, obstructive to human, animal or mechanical 

movement over the ground.  On the other h»/id, the same fields 

when dry would be much less or not at all obstructive to most 

kinds of movement • 

Since cultivated land occupies roughly one quarter of 

the earth's land surface, and  since   military campaigns 

are fought for the most part on cultivated lands, the import- 

ance of the effect of weather needs no comment, in the matter 

of military movement. 

Advising the interpreter always to keep In mind the 

effect of weather in modifying his interpretations, we revert 

to the consideration of the twelve aspects of movement tabul- 

ated on the previous page in so far as they may be affected 

by vegetation.  First in order are the three FORMS of movement, 

vis, HUMAN, ANIMAL and MACHINE. 

ANIMAL MOVEMENT 

This report is very little concerned with ANIMAL MOVE- 

MENT because modern armies have used machine-movement to sup- 

plant HORSE MOVEMENT except in rare cases. 
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For example, in the First World War, 100,000 Frenoh 

cavalrymen were worse than useless since the information from 

their reconnaissance maneuvers in August-September, 19U4., was 

actually misleading.  ONE single pilot with his camera operator 

could have done so very much better.  On the other side   an 

EVES LARGER CORPS of Austrian and Hungarian cavalry, for all 

their excellent horsemanship were of practically no used in 

the campaign that led to the disastrous surrender at Lemberg. 

However, in the last World War, "there was effective use of 

cavalry by the Greek Army during the advance into Albania as 

well as by the British in the Syrian campaign,w  Col. S.A.L. 

Marshall in Blitzkrieg. 

Perhaps it may be best to consider ANIMAL MOVEMENT in 

modern warfare as still useful where MACHINE MOVEMENT is im- 

practical.  This is often the case in regions of steep mount- 

ains.  In Part III of thia report, there Is a treatment of 

such a region where WILD ANIMAL MOVEMENT and its effect in the 

shape of the game trails is mentioned. 

Such game trails, are often the best travel routes for 

man and/or beast.  Their relaoion to vegetation and their 

Identification on photographs is treated. 

The part played by vegetation in ANIMAL MOVEMENT in the 

tundra (e.g. reindeer sledges over slippery, wet reindeer moss) 

or in subarotio deserts (camels, yaks, etc. in the Mongolian 
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desert) is not treated in this report. 

HUMAN MOVEMENT 

as affected by terrain conditions, especially as indie* 

ated by vegetation on photographs is discussed in many places 

throughout this report.  The use of SNOW-SHOES for traversing 

bogs in suiwner tin»e Is discussed as perhaps somewhat of a mil- 

itary novelty although such a way of travelling ha3 been in 

use in Quebec for a long time by lumbermen, etc, (See section: 

Peat Series in Part III). 

Terrain conditions affecting HUwAN MOVEMENT, in the two 

greatest battlefields of Europe, Flanders and Poland, have al- 

ways been of enormous military significance.  The large areas 

in these countries that are covered permanently by deep mud 

or become such, mud in rainy weather; have always circumscribed 

the movement of armies.  Because the natural vegetation as 

seen on air photography is often the best available indication 

of the height of the water table and hence commonly the depth 

of the mud- a special study of subarctic lowlands has been 

made, using as a test location the lowlands of Canada, west 

of James Bay. (Part III of this report).  In addition the recog- 

nition of marshes or bogs and swamps on photographs is discussed 

in ever:? other part of this report. 

The significance of the vegetation of a marsh as a rec- 
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The significance of the vegetation of a marsh as a rec- 

order betraying all HUMAN MOVEMENT as lines or trails on a vert- 

ical photograph readily detectable by the photo-interpeeter is 

pointed out in Part II, section 6, pas® £• We can therefore 

lay down the principle that vegetation not only indicates to 

the photo-interpreter the depth of the mud in the marshes but 

also betrays military movements in it. Further, that the more 

brittle the vegetation covering the marsh, the more sensitive 

the vegetation is in recording any movements across it by man 

or animals of sufficient size.  By brittle vegetation Is meant 

plants with rather thick, succulent stems like cat-tails, wild- 

rice, etc. 

MECHANICAL MOVEMENT 

Mechanical movement on wheels is largely restricted to 

roads and thus falls outside the province of photo-Interpret- 

ation of vegetation.  In modern warfare, however, CROSS-COUNTRY 

MECHANICAL MOVEMENT is of the greateafc importance, especially 

movement of tracked-vehicles, tanks,  etc. 

To quote General Puller e ;aln (The Reformation of War, 

1922, and reiterated 20 years later in "Machine Warfare",Chapt. 

VIII, 19l|2), "The tank carries its own roadway in its tracks; 

it does not, therefore, need u road; it can, therefore, look 

upon a road or roadless country with unconcern, and in this 
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indifference, without probing very deep, we may discover an 

entirely new epoch in the art of war—the epoch of roadless 

tactics,* 

That this is not an exaggeration, is explained by the 

General (op. cit. Chapt VIII) "The point missed was this: 

Should the line be penetrated, as tanks are not tied to roads, 

once a number have passed through the gap, by wheeling right 

and left and then swarming over the open country in the rear of 

the fortified line that line can be taken in reverse.  To count- 

er this, a very different protective system was required-namely 

area in contradistinction to linear." 

MECHANICAL MOVEMENT IN ROADLESS TACTICS 

is always restricted by terrain.  "In considering the German 

advance into the Sedan lowland, the maneuver which punctured 

the paper bag of the French defense and produced the  military 

collapse of the democratic alliance,  one is impressed forc- 

ibly by two facts: THE NIGH-COMPLETE CONTROL BY TERRAIN OVER 

THE OPERATIONS QF LIGHTNING WAR AND THE RELATIONSHIP OP GERMAN 

TACTICS TO THE DESTRUCTION QF THE OFFENSIVE MATERIALS OF THE 

ENEMY." (Col. Marshall: Blitzkrieg: Armies on Wheels, 3 914-3).. 

From this, it is readily seen that in contemporary war- 

faro, deducing terrain conditions from air photographs is one 

of the principal services expected of the photo-Interpreter. 
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Referring again to the tabulation of the twelve aspects 

of movement (page 3 preceding) and getting down to first prin~ 

ciples, we can now say that as regards MEDIUMS OP MOVEMENT, this 

project deals with only two of the three MEDIUMS OF MOVEMENT; 

viz OVER THE EARTH and IN VERY SHALLOW OFF-SHORE WATER. It may 

be well to call attention to the fact that the greatest obst- 

ruction is commonly neither earth nor water but that their 

formidable combination; 

MUD. 

Further as regards DIMENSIONS OF MOVEi^ENT, It snouid be 

noted that while one-dimensional movement and warfare (trench- 

warfare, etc.) can make excellent use of photo-interpretation 

of vegetation, two-dimensional mechanical warfare over land 

surfaces (blitzkrisg, tank warfare, etc,) frequently depends 

almost entirely upon the photc=interpreter's deductions as to 

terrain conditions (e.g. the passage of the Nazi "Blitz" across 

the mountains of the Serbo-grecian frontier was planned on the 

basis of such photo-interpretation). 

TTS sum up, this report is designed then to help the inter- 

preter deduce terrain conditions from vegetation shown on photo- 

graphs in so far as it affects: Human, animal or mechanical mov- 

ement across the surface of the earth or of shallow water or their 

terrible mixture MUD, In two-dimensional (areal) even more than in 

one-dimensional (linear) warfare, whether for strategical, tact- 

ical or administrative purpose. 
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PLATES 

Introduction 
. page 10 

The plates are a special feature of this report. Each 

plate has on it a sufficient explanation, so that any of them 

by itself la still a complete study, independent of the rest 

of the text. The continuity of the text has naturally suffered 

somewhat as a result of this plan, but it is beleived that the 

gain in adaptability more than offsets this disadvantage. 

The plates were made up as independent series especially 

suitable for rspid reference, so that, for example, if the 

photo*interpreter wished information on the effect of snow seen 

on photographs, he could find it in the Snowfall Series of 5 

plates, almost at a glance.  These plates also constitute a set 

of quasi-standards, or solved problems, against which the photo- 

interpreter can match the photograph he may be attempting to in- 

terpret. 

The Keys in this report have been deliberately separated 

from the plates because it waa beleived that the photo-inter- 

preter could most conveniently study both the plates and the 

pertinent keys, with both Parts open in front of him at the 

same time. 

* 
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For several reasons it was decided to make this Tech- 

nical Report a manual of self-instruction, particularly because 

other very important topics allow only a very short time for 

studying vegetation in the classes of the Photographic Inter- 

 -*- A *- -t **••—   ^ -   I- * —* pi'CL-abj.wi uonCSP* 

This report has been put in loose-leaf form, in four 

binders corresponding to Parts l« II. Ill, IV, The arrange- 

ment is unavoidably arbitrary, but since it is loose-leaftthe 

photo-interpreter can rearrange any of the Parts, sections, 

tables, etc. in whatever order he may find most useful to him- 

self.  It was thought that this plan of assembly would increase 

the adaptability of this report to fit a wide variety of needs 

and purposes. 
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PHOTO-RECOGNITION 

KEYS 

TO AH? IN THE 

IDENTIFICATION OF VEGETATION 
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SPECIAL NOTE ON KEYS. 

section on keys 

These Keys are merely an aid to the interpreter in recog- 

nizing different types of vegetation, They can help him to ob- 

serve, to think systematically and to correlate; TEE KEYS CANNOT 

THINK FOR HIM. 

Once a type of vegetation has been identified, if the in- 

terpreter does not already know what terrain conditions the veg- 

etation indicates* he should turn to whichever one of the dif- 

ferent tcbles lists the types of vegetation arid what they ind- 

icate. These tables are mentioned in the following section 

along with the first principles of interpretation of vegetation, 

In the Introduction to P«rt IV there is given two special tables 

of indicator plants on pages 5,  6 and 7* for the indicator 

plants of Colorado and Wisconsin* 

How these keys are made is described in Technical 

Report No £, Part II, pages 9 to 23. 

The number of kinds of keys possible for special purposes 

is very large. An example of what a multiplicity of keys would 

result if each special purpose had its own special key, is illus- 

trated in Part II, section 5 of this report in the tables bet- 

ween pages 10 and 11, 

A list of keys published in previous technical reports 

of this series is placed at the end of this section. 

% 

• 

M 

•% 
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GENERAL KEY 

KEY FOR PHOTO-RECOGNITION AHD PHOTO-INTERPRETATION 

OF VEGETATION, THE WORLD OVER. 

(Naturally only a very short key indicating only roughly 

some terrain conditions is possible for vegetation the World 

over. However, such as it is , in certain circumstances and 

in certain regions it may be helpful to the interpreter. It 

is therefore set down here). 

1  Regions of the earth where the vegetation is wanting or 

practically negligible*Regions perpetually covered with ice, 

Antarctica, Greenland Plateau, etc.  Permanently snow-capped 

mountains, extreme or true(hot, dry deserts,as- much of Sa- 

hara, Arabia, Death Valley, parts of Western Australia, 

parts of the Kalahari Desert, and cold dry deserts, e.g. 

parts of Mongolia, Tibet, northeajt tip of Greenland, etc, 

roughly one-third of the land surface of the earth, 

la Regions of the earth where there is vegetation discernible 

especially on air photography 2 

1 
9 

I 

i 
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GENERAL KEY 

(continued) 

Areas evidently cultivated or formerly in cultivation, rec- 

ognizable by artificial outlines, buildings, roads, etc, 

Usually one of the most readily recognizable features on 

an air photograph.  It indicates fairly well-drained ter- 

rain (except for rice, there are no important or widespread 

crops that will grow on water-logged soil).  Such areas in 

dry weather are areas of good travelling conditions, good 

trafficaMlity.  Such areas in wet weather are areas poor 

to very bad travel conditions.  They are then areas of 6" 

to several feet of mud.  Such areas must have something 

like a temperate climate,at least during the long or short 

8ummer,and must have at least a fair amount of rainfall 

during the growing season,or else they are irrigated,and 

then show the canals, etc  INote: Cultivated lands are not 

the object of this Technical Report). 

Areas evidently not cultivated 3 

(Areas covered by tree or grass vegetation; i.e. forests, 

scrublands and grasslands). 

i 1 

1 
i 
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GENERAL fffiY (continued) 

W 

i 

3 Vegetation principally of trees occupying originally about 

one third of the land surface of the earth. Areas more or 

less densely shaded .  .  .  .  ,  .  .  . Forests. 

3a Vegetation principally of grasses, or cat-tails, or sedges 

or other non-woody plants although some bushes are often 

present.  Indicates areas either too dry OB too wet, or 

with soil too shallow for the growth of trees.  Areas with 

j-'elotively little shade .   .  . Marshes, prairies, mead- 

ows, grasslands,very recently burnt- 

over land. 

: 
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Key I. Page 1 

KEY FOR RECOGNIZING VEGETATION IN THE NAHANNI VALLEY 

ON PANCHROMATIC SMALL-SCALE PHOTOGRAPHY IN SUMMER. 

(Baaed primarily on height of the vegetation, 
as determined by parallax on stereo pairs. 
Texture hardly discernible). 

* 

1 Height about 20 feet to 60 feet or taller 

la Height lower than 20 feet, commonly much lower 

2 Tone dark gray (spruces)     

. 2 

. k 

. 3 

2a Tone light gray (PI. M-2, 3, k,  7, 17, 21) . Aspen 

3  Trees growing in depressions, around ponds often in assoc- 
iation with the lighter-toned, feathery textured larch or 
in slight depressions at the foot of a slope where the run- 
off f. om the slope is apt to keep the terrain wet throughout 
the summer. Not nearly as common as the following tree. 
(PI. M-2, 18, 19, 21, 21j.) Black spruce. 

3a Trees very common on slopes, often in nearly pure stands on 
alluvial fans or deltas. On better-drained soil and subsoil 
than the preceding (PI. M-l, 2, 3, k,  7, 8, 9, Ik,   15, 16, 
17, 19, 20, 21, 23, 2k,  25, 28) .   .   .   . White spruce 

(two kinds). 

k      Height 2 to 20 feet, bushes, plants with woody stems, much 
branched; texture very fine,often a zone above tree-line. 5 

I+a Height lower than 2 feet (many of these plants not with 
woody stem grass-like, moss-like with some very low bushes 
interspersed); texture not visible, (except on very large 
scale photographs) commonly forming a zone between the zone 
of bushes below (alders, willows and birches) and the snow 
above on the mountain tops   .    .    .    .    .  .7 

1 
1 
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5 Bushes forming a aone of  vegetation on slopes, most com- 
monly above the tree-line but below the zone of grass-like 
or tundra vegetation, height 2 to 5 feet, the height dim- 
inishing with elevation progressively (PI. M-l, 2, 3, k»  5, 
6, 9, 11, 13, 1K>  15, 17, 19, 21, 22, 23, 2i-, 25) . 
   Scrub birch 

(Often in association with other bushes, heaths, etc. on 
drier terrain). 

5a Bushes very commonly along streams, torrents, rivers and 
lakes, on borders of black spruce-larch swamps  .   .   .6 

6 Tone relatively darker (Part III, Plates III, VII, XV, 
XVIII, XIX, XXIII and XXIX)     Alders 

6a Tone relatively lighter, sometimes almost white when the 
catkins or cottony fruits are present in abundance. (PI.M-l, 
2, 3, k.  5, 6, 7, 8, 9, lli, 15, 16, 17, 19, 20, 21, 28, 29) 
   Willows. 

7 Vegetative cover practically white, appearing like snow. 
(PI. M-l, 3, k,   5, 11, Ik,   19, 22).        .   .   Reindeer-moss. 

?a Vegetative cover darker in tone (PI. M-5, 6, 9, 10, ll;). 
    Tundra-or 
alpine tundra vegetation of grasses and sedges, mosses, etc. 

i 

s 
1 

- 

1 

1 

(With slight modifications this key can be ajus ted for montane 
regions anywhere in the arctic] 
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Subarctic Moimtr.5' - 

KEY FOR DETERMINING BEST TRAVEL BOUTES 

IN ARCTIC AND SUBARCTIC RUGGED MOUNTAINS. 

(Based on the Nahanni Valley, Canada) 

1 Very slender lines, often scarcely visible, often disappear- 
ing Into forests and reappearing on the other side of a 
stand ol trees. These are £«me trails, often the best and 
often the only feasible routes for walking 2 

la Broader, consp'cuou. objects on mosaics or air photographs 
 h 

2 Trails prevailingly above the tree line   3 

2a Trails prevailingly below the tree line often descending 
into swamps or bogs, relatively wide M-2^-28 Moose trails. 

A     3  Trails very slender, often ascending to highest elevations. 
M-28 Sheep and goat trails. 

(Important for look-outs and observation posts) 

3a Trails broader, prevailingly and roughly following contours. 
M-28 Caribou trails. 

I4.  Larger streams and rivers, mor« or less suitable for travel 
by raft or by canoes longer than 20 feet (mountain streams 
and torrents are almost invariably overgrown by willow bushes, 
light-toned on air photographs, and are about the worst pos- 
sible routes of travel for ascending mountain slopes). . .5 

Ija Land or ice or snow 6 

5  Water of rivers or streams, on panchromatic or infra red, 
white or light gray, indicating glacial milk, i.e. with rock 
flour in suspension, usually swift and dangerous streams of 
very uncertain flow;on ho* <J«ys glaoiers melt freely and 
give a large <uaount of water suddenly; on a cold cloudy day, 
these streams are much reduced in volume or stop running . . 
M-II4,15,16,20. 2$,29. Swifter streams 

\ 

i 
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Kay II. page 2 

5a Water of rivers black on panchromatic or infra-red pictures, 
clear water, relatively free of rook-flour, relatively much 
less dependent on the weather. See Pl» M-21 

Except &v  rapids, less swift streams. 

6  Top of rounded ridges, upland heaths better than any of the 
following ,P1. M-23.24 , Relatively good walking. 

6a Other topography 7 

?  Medial moraines.  Fairly good walking but uncommon see PI. 
M-26. 27 

7a Ice. fields. Fairly goou travelling in late summer when snow 
has melted away. See Pl.M-10. 

MOTE: With slight modifications this key will be serviceable 
in interpreting montane areas elsewhere in the arctic and sub- 
arctic, e.g. Kamchatka, mountains of northeast Siberia. 

I 
i 
\ 

\ 
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SootIan on key** 
Key III 

PROVISIONAL KET FOR RECOGNIZING 

ON SMALL-SCALE AIR PHOTOGRAPHS, 

THE KINDS OF VEGETATION IN THE LOWLHNDS 

IN THE SUBARCTIC.  (3ee PART III, PLATES 1 to 26). 

Vt 

Photo-recognition 

1  Areas showing as light-toned (gray to nearly white) narrow 

bands paralleling the rivers with a natural growth of trees 

or cultivated land. . River banks, especially the 
south-facing banks, the driest 
areas with the best trafficability. 

la Areas of irregular shapes, not narrow light-toned bands 

paralleling the river   2 

2  Tone of area, dark gray; Boen  to be forest-covered under 

stereo.  Swamps, i.e. wet forests of cone-bearing trees, 

i.e., spruce, fir, larch and cedar In this 
area, overwhelmingly a forest of 
nearly pure (B) black spruce. 

k&    Tone of area light to very light gray <   .  • (Z) Marshes, 
i.e. tree-less, wet grasslands. 

Photo-interpretation 

These three types of vegetation indicate the following 

trafficabilityj 

River banks—best trafflcability on land in the summer, 

poor trafflcability during spring thaw and floods, 

i 

5 
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Jwt ?.«••) in winter because the adjacent ice-oovered 

rivoi * i Do much hot tea. 

Swamps--poor traffioability all the year round. Of Im- 

portance as a source of logs for building corduroy 

2 oads. 

Marshes—wortt traffioability in summer; troacherous 

trafficabilIty in winter except frozen solid. 

They conjaii practically no road building materials 

near feature. 

j^Swampy^i^. 
jtt?***'* Bank    \ 

i^lVi.-'^ Watey-table \*ivar 
" - -            • *    ^*&Op 

" •* i 

Cross-section showing typical natural levee-like banks of rivers 
in subarctic lowlands. 

i 
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I 

2  Vegetation about 3 to 10f tall •  ••>*,. 3 

Vegetation about 10 to 100* tall I4. 

3  Vegetation, the aone nearest the water, usually less than 

3' or k' tall .  .  .  .  .  .  .  Marshland (W-25) 

3a Vegetation, usually the second zone inland from the water. 

Alder and willow bushes about £' to 10* tall. Water table 

at the earth»s surface .  ,  ,  •  Lowland brush (W-26) 

I4.  Vegetation on the lowest land, usually the zone next to 

the ponds and marshes. Indicates wet terrain.  .  .  . 
Swamp Hardwoods (W-9) 

Lf.a Vegetation on higher ground .  .  . Aspen W-l, W~2; White 

biroh W-3 & W-l|.j Northern Hardwoods W-S, W-6, W-7? 

Scrub Oak W-8. 

W$ The separation of these types of woodlands requires consider* 
able practice. 
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KEY FOR IDENTIFYING   THE KINDS OF VEGETATION 1 
FROM STEREO INFRA RED AIR PHOTOGRAPHS OF 

NORTHERN WISCONSIN, IN SUMMER. 

(appropriate scale lA?, 000) 
I 

1  Vegetation relatively light-toned, with deciduous 

1 A Atr Jk € -5 

la Vegetation relatively dark-toned, conifers with evergreen 
i 

leaves (except the larch or tamarack, the lightest-toned 

of these types of vegetation) and cone-shaped crowns .   ,f> 
I 

: 
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5  Vegetation darkest in tone, on very dry situations with 

marshes and ponds lacking.  This plant indicates the very 

best traffioability locally .   .   .  Jack Pine W-l5, W-16, 
W-17 

5a Vegetation not quite as dark in tone as the preceding, in 

situations from moderately dry to wet   

All the other conifers 

(The separation of the other conifers on this small-scale 

summer photography requires practice.  Recognizing the assoc- 

iated landforms and patterms of vegetation is of great assis- 

tance in this type of photo-interpretation). 

i 
I 

! 
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KEYS IM PART II, SECTION 5, 

pages 11 to 18, 

OP THIS TECHNICAL REPORT NO 6 

Keys for the Recognition of Types of Vegetation and Related 

Landfoms on Air Photographs in the Chesapeake Bay Area. 

A "test-location" for drowned rivers or embayments and 

their related types cf vegetation* 

KEYS IN TECHNICAL REPORT NO 5, PART II. 

Keys for identification of kinds of vegetation in northern 

Ungava. A "test-location" on a shield area showing arc- 

tic and subarctic vegetation. This type of key with some 

appropriate modification will probably serve fcr the rough 

identification cf vegetation as an indicator of terrain 

conditions in many other parts of the northern or colder 

subarctic region and arctic, especially in shield areas, 

of mostly glacial erosion. pages 23-27 

Koy for the identification of kinds of vegetation, 

Val David area, Quebec. A "test-location" on a shield 

area, mostly at  glacial deposition. Especially for use 

.3 
a 
i 
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KEYS IN TECHNICAL REPORT NO 5, PART II. 

(concluded) 

with triple photography, i*e„ infra-red, panchromatic 

and color taken simultaneously• Scale 1/7200* In con- 

trast to the preceding this key is for the southern or 

warmer part of the subarctic vegetation.    pages 33-36 

Key for the identification of kinds of vegetation in the 

warmer, moister subarctic region.. Teat Locations Homer, 

Alaska. pages 36-I4.O 

Key for the identification of kinds of vegetation for the 

subarctic region. Test Location? Anchorage, Alaska* 

pages l±3-45< 

I 

I 
I 
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KEYS IN TECHNICAL REPORT NO 1, PART I. 

A Set of Fourteen Keys to Aid in the 

Recognition of Kinds of Vegetation in the Chesapeake Bay 

Area with Procedure for Selecting Which Key to Use. 

i 
* 
i 

i 
i 

Step 1 Step 2 Step 3 
Determination of the  Determination of the Determination of the 
Type of Vegetation Seasonal Key To Be Used  Species of Plant 

by means of key on    by means of key on 
page 2 pages 6, 8 or oe 

WOODS 

WASTE PLACES 

MARSHES 

Key No 1 WINTER   15 
Key No 2 EARLY 

Date of photograph SPRING  2if 
page 8 Key No 3 MIDSPRING 25 

Photographic evidence Key No k  SOTMER   33 
page 6 Key No 5 EARLY 

PALL  39 
Key No 6 LATE PALL 43 

Key No 7 WINTER   53 
Key No 8 EARLY 

Date of photograph SPRING  56 
page 8 Key No 9 MIDSPRING 56 

Photographic evidence Key No 10 SUMMER  59 
page 6 Key No 11 EARLY 

FALL  63 
Key No 12 LATE 

FALL  67 

Date of photograph Key No 13 WINTER  71 
page 8 

Photographic evidence Key No 11*. SUMMER  74 
page 6 

CULTIVATED AREAS Not studied in this 
piece of research. 
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METHODS 

OP TRANSLATING VEGETATION 

INTO 

TERRAIN CONDITIONS 
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PHOTO-INTERPRETATION 

Methods of Translating Vegetation 

into Terrain Conditions 

The title of this whole Project No 257002, "Investigat- 

ion of Methods of Determining Terrain Conditions by Interpret- 

ation of Vegetation from Aerial Photography", plainly calls 

for two distinct iiaea of research: 

Recognition of the Different Types of Vegetation Show- 

ing on Air Photography, (see previous section). 

A Determining What Terrain Conditions are Indicated by 

Each Type of Vegetation.  That is the object of this taction. 

PRINCIPLE NO 1.  ALL PLANTS INDICATE 

THE TERRAIN CONDITIONS OP THE LOCALITY 

WHERE THEY GROW NATURALLY. 

Plants can exist only within certain limits of variation 

of the factors or conditions of their surroundings (sometimes 

called "total environment" or "environmental conditions"). Hence 

the very fact that a plant, or better, a society of plants, ex- 

ists naturally on any part of the earth implies that the factors 

of the environment do not vary beyond the limits within which 

the plant or society of plants can exist.  Therefore, this plant 

'Y' or society of plants is an indicator of the local environment. 
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e.g. Cocoanut palma on a shore immediately tell ua that a 

tropioal climate exists on that shore. It   also tells us 

however, thet all the other factors of the environment, as well 

as their combination or total environment, are those under 

which the cocoanut palm can grow, e.g. the kind of soil, the 

height of the water-table, the amount of sea-salt in the soil 

water, etc, as well as all of those acting together. 

PRINCIPLE NO 2. MOST, BUT NOT ALL, PLANTS EXIST WHERE THEY 

ARE BECAUSE THEY CAN COMPETE SUCCESSFULLY WITH THE OTHER 

LOCAL PLANTS, AS WELL A3 SURVIVE THE CLIriATE, SOIL, ETC. I 

This is a very important principle for the photo-inter- 

preter of vegetation to remember FOREVER AND A DAY.  It is 

perhaps best explained by an example.  If a southern cypress 

(either Taxodium distichura or T, ascendens) or a white cedar 

(Thuja or Chamaeeyparls) Is transplanted from their native 

swamp to much drier soil, or if the swamp is drained, these 

trees will grow two or three times as fast. 

If however the cypress or cedar is transplanted Into a 

dry oak woods both will die in a very short time.  This is plain 

evidence that the cypress and the cedar grow in swamps because 

there the other treed cannot compete with them or grow under 

such adverse conditions.  But the oypress and the cedar can grov 
I 

J I 
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j 
vary wall on dry soil but they CAftNOl comPETE with the other 

trees, the oaks on the dryland. 

On the other hand, if a black jack oak (Quercus mar11- 

andioa) is transplanted from dry hill-top into AN OPENING in 
I 

a cypress or cedar swamp it will die in a short time.  This 

shows us that the oak cannot survive in the water-logged swamp 

soil and that it is the soil conditions and NOT COMPETITION 

WITH TEE CEDAR or the cypress that causes this oak to be absent 

from these or any other swamps and that wherever this oak grows, 

there can be presumed dry soil.  In fact, wherever these oaks 

are numerous on the hill tops of the District of Columbia and 

adjacent Maryland, a deposit of (Pleistocene) coarse gravel 

about 10 or more feet can be presumed (and therefore "good all- 

weather trafficability" the year round). 

The interpreter will do well to consider another example 

of this kind.  A year after an oak or pine forest is cut down 

or burnt over, a swarm of weeds, grasses, etc, appears. After 

a few years (about 10 to 20) the young pines will have taken 

possession and the weeds and grass will have disappeared. This 

shows us that the WEEDS AND GRASS CAN GROW ON SUCH SOIL VERY 

WELL but that they CANNOT COMPETE WITH THE PINES AND OAKS (i.e. 

they cannot grow in the dense shade created by the pines and 

oaks as they grow above them). 

Another example 

A curving line of willows in a distant 

meqdow, is commonly taken to indicate the presence of a stream, 
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This is usually the oaae. On this account it is commonly in- 

ferred that willows require very much water and can only grow 

In wet places. As a matter of fact the willow trees grow very 

well on dry hill tops when they are planted there in the open. 

If they are planted under the shade of the oaks, the willows 

soon die. From this* it is plain that willows grow along 

streams in the meadows NOT because they need excessive amounts 

of water but because they NEED FULL SUNLIGHT(i.e. nSHADE*INT* 

QLERANT".) 

This principle OF THE FACTOR OF COMPETITIOx has been 

stressed because It furnishes the true explanation of certain 

seeming inexplicable contradictions in the interpretation of 

vegetation of great importance in the subarctic An outstand- 

ing oase of this is the question: What terrain conditions are 

indicated by the blaok spruce? 

In northeastern Pennsylvania the blaok spruce grows only 

in sphagnum bogs along with the larch. In the belt of forest of 

the Great Lakes Region and adjacent Canada from Minn, to Maine, 

the blaok spruce is usually found in or near such bogs or wet 
1 

lowlands.  In Alaska the black spruce while commonly found in 

or near such bogs also occuru rather oommonly on relatively 

dry, well-drained glacial till. In much of Labrador and'-Uhgave 

the black spruce, and to lesser extent, the larch is found grow* 

ing on relatively dry terrain. Does this mean that the black 
1 

spruce is a misleading indicator plant? Or even worse, does 
1 

it moan that all indicator plants are unreliable? 
% 
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The solution of this difficulty is that in the southern 

part of the subarctic forest the spruce cannot compete with a 

considerable number of other trees on the drier land.  (Tbess 

other trees however oannot live in the water-logged, acid soil 

of the bogs or at least cannot compete with the black spruce 

there).  In the northern part of the subarctic forest, in Lab~ 

rador, the black spruce and the larch have no competitors and 

so tliey grow on relatively dry sites.  The black spruce then 

can be taken as an INDICATOR OF BOGS and permanently wet soil 

in the southern part of the subarctic forest but as an indic- 

ator of either wet or dry soil in the northern part of the sub- 

arctic forest.  It can be taken for granted that a species with 

such an enormous range (Labrador to Bering Strait) must have 

many local races with possibly varying habitats and also that it 

•.ay hybridize with its close relative and common associate the 

white spruce.  This may explain some of puzzling behavior of 

this spruce in Alaska and the Canadian hocky Mountains.  This 

does not lessen the value of the black spruce as an indicator 

for making rough estimates of the terrain conditions.  It does 
I 

require though that the photc-interpreter keep thi3 principle, j.n 

mind,i.e. effect of competition in making his interpretations. 

This same principle explains why the larch along the 

Larch River in Northern Ungava was found and photographed by \xe, 

growing on a dry dolomite slope (Mt. Dolomite.  See Technical 

~     Report No 5). 
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a hill. How can such a tree be reliable indicator plant? 
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The principle of competition comes into play in inter- 

preting vegetation in any part of the world whenever the native 

vegetation is destroyed by fire, the ax, landslides, insect 

peats, etc. 

This effect is most marked when a forest or stand of 

trees is completely killed, root and branch. In such cases, 

the total environment has changed principally in that a shaded 

area, is now one of full sunlight. Consequently any plants 

which can grow in such a soil will invade at once if the parent 

plants are nearby and the wind or the birds or rodents, etc. 

will transport their fruits and seeds into the area now open 

j for colonization. Without this explanation, the photo-inter- 

preter will be puzzled to find single specimens or even stands 

of young saplings of swamp trees growing on relatively dry  slopes. 

e.g. the river birch and the red maple are trees commonly found 

in swamps especially in the coves of the Chesapeake Bay. But, 

sometimes, a few years after a severe forest fire killing nearly 

all the trees in an oak forest or pineland, a considorable percent 

of the new young trees may be the river birch. In the course of 

years, perhaps even a century, the birches will gradually die out 

in the fierce day-and-night competitions with the oaks and hick- 

ories. 

This appears to complicate matters hopelessly for the P.I. 

Here is a swamp tree, the river birch, growing beautifully, on 
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However the interpreter should remember that this sort 

of invasion of dry sites, after a fire, by swamp trees is the 

exception, not the rule, and that such a dry site shows more 

or less clearly that it has been fire-swept.  Further the plants 

that usually invade the great bulk of a burnt area are not swamp 

plants.  Some of them are so commonly found the year after a 

fire that they are named after this habit, e.g. the firewecd 

(Epilobium angustifolium) throughout the forest region of the 

nortnern states, Canada and Alaska. (See Part I. PI. OC 1 and 2) 

The commonest invading trees after a forest fire, in 

most of the forests of Alaska, Canada and the northern U.S., 

are one or more species of poplar and one or more species of 

birch, etc. But especially common is the quaking a3p (Populus 

teemuloides) considered to be the most common tree in North 

America. (See Part IV, pi. W-l and 2;   Part III, PI, II, III, IV, VI, 
VII, VIII, etc.; also A-3, no 13-9,13-3 ) 

To sum up, when native vegetation is destroyed, new 

plants and a new vegetation invade even where the stumps and 

roots send up fast growing shoots which soon shade out the in- 

vaders.  In general the invading vegetation can be used to deduce 

terrain conditions provided that the interpreter RULES OUT SUCH 

PLH!
T
TS AS CAN GROW ANYWHERE BUT ARE LlalTED BY COMPETITION WITH 

OTHER PLANTS. Usually  these are plants which commonly live in 

ar extreme or specialized type of habitat, more or less inhibit- 

ive to plant growth, such as, a high acidity(of bogs) the high 

osmotic pressure of the salt water (of lagoons, )**tc« At any rats, 

the P,I, should never base an interpretation of terrain condit- 

ions on a single plant but rather on the pattern of vegetation 
and the plant society. 
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PRINCIPLE NO 3.  THE TERRAIN CONDITIONS INDICATED BY BOUNDARY 

LINES BETWEEN ZONES OF VEGETATION 

ARE OFTEN RECOGNIZABLE OR EVEN OBVIOUS ON PHOTOGRAPHS. 

The previous 2 principles, probably the most fundamental 

for the photo-interpretation of vegetation, show in what way 

any and every individual plant is an indicator of terrain con- 

ditions.  This principle No 3 deale with groups or societies 

of plants or large, essentially pure stands of one plant, 

especially as regards the lines that form the recognizable 

boundaries of such societies or zones on photographs. 

a) ARTIFICIAL PLANT SOCIETIES OR 

** .MAN-MADE ZONES OF VEGETATION 

These areae of cultivated land are usually easily recog- 

nizable by their mere or less regular or artificial-looking 

boundaries and the associated artifacts, roads, buildings, 

irrigation-ditches, rows of trees In orchards or plantations, 

rows of crop-plants, etc. Such areas are not included in this 

Project. 
f 

However, they do indicate at least one very important 
r 

fact, i.e. they are never permanently water-logged areas (rice- 

fields excepted) and therefore in dry weather have at least 

fairly good travel condition*. BUT after a notable rainy spell, 

practically all cultivated fields become layers of mud or soft 

C     silt from six inches to several feet deep.  Exceptions to this 
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I 
rule are: fields of almost pure sandy sells or of soils with 

1 
a very high content of gravel. 

Such soils may actually become firmer with light rains 

and,even after heavy rains,may still be not muddy and relatively 

xiiuch firmer than clay or silt soils. 

I 
b) WASTE PLACES 

These are plant societies that invade cultivated fields 

that have been abandoned, Many of them are the familiar WEEDS, 

not only, small weeds such as, d andellon, garlic, milkweed, 
c 

1 
thistles, etc* etc. but weed trees and bushes, such as the Ail- 

i 

£"     anthus or Tree of Heaven (it smells like H-, I mean the other 

place) so very common on trash dumps and waste places around 

our eastern cities and towns as well as in China, Korea, etc*, the 

original home of this tree0 An example of a weed bush is the 
I 

Scotch broom in Oregon. 

Generally waste places show some signs of having once 

been cultivated signs usually more easily recognized than des- 

cribed. Naturally such waste place-vegetation or weeds and/or 

other invading indicate the same terrain conditions but often 

somewhat better as regards the firmness of the soil since the 

loosely plowed soil tends to become at least Flightly more con- 

30lidated.  In general then, waste places    afford fairly good 

travel conditions in dry weather and bad to very bad in wet weat- 

C     her. 
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This can usually be recognised as such because it shows 

none of the customary easily recognizable signs of having been 

cultivated.  By means of the stereoscope, it is possible to 

recognize on all but very small-scale photographs, three great 

types of vegetation on the basis of height.  These are; 

Grasses, sedges, and other non-woody plants,  herbaceous 

i.e. non woody vegetation. 

Bushes or shrubs. 

Trees. 

A rough estimate of the amount of the earth1* j»iid surface 

covered by vegetation is: 

one third covered by natural grasses, i.e. treeless 

country, e.g. the true arctic, not permanently covered by ice, 

the short grass prairies of U.S., the steppes of Russia and 

Siberia, etc.; 

one third covered by natural forest land; 

one third covered by ice or deserts, i.e. with vegetation 

of essentially no significance in ordinary photo-interpretation. 

In dealing with grass-vegetation, bush-vegetation and 

tree-vegetation, it is useful to understand why each of these 

main types prevails where it does, at least in a rough way.  It 

may be stated thus: Grasslands are treeless because: 

ft) they do not receive enough rain e.g. steppes of Russia, 

grass prairies of U.S. 
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b) they do not thaw deep enough in the summer (or dc not 

have a warm surarier long enough to mature seed? or?) as in the 

arctic region (or tundra in its widest sense); 

o) or because they are permanently too badly water-logged 

and/or have water which is too highly acid to permit tree growth, 

e.g. many sedge marshes, peat-bogs, etc. 

d) or because they are not only permanently badly *tter- 

logged but have such deep soft bottom as to offer insufficient 

anchorage for tree growth, e.g. the Everglades of Florida where 

the soft peat bottom may be 10* to 20' deep. 

The photo-interpreter, knowing the climate, locality and 

other circumstances of a region, can often decide in each case 

what terrain conditions are indicated by a natural grassland, 

(and the corollary, the natural lack of trees).  Sometimes this 

is evident from the photograph itself, e.g.  Plates C-l to C-ij. 

Tin Part IVJ(showing the vegetation in Colorado) show trees in 

ravines and only on some slopes and less vegetation in the low- 

lands than in the mountains.  Obviously this must be a region of 

small rainfall and is tree-less for that reason since the trees 

are found only where the water can collect, (i.e. in gulleys) 

or where the small amount of rain first falls, e.g. near the tops 

of the mountains or on the 3ides of the mouncains facing the rain- 

bearing rfinds. Hence, the absence of trees in a region indicates 

terrain conditions just as does the presence of trees, as is ex- 

plained next. 
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Natural Bush-lands or Scrub-lands or open thin forests 

of small trees indicate usually a deficient rainfall or a soil 

too thin or too poor in water-holding capacity to support troc 

growth but yet holding enough water to allow bushes and/or small 

trees to grow there.  In the arctic regions, on nbush-tundra" 

the presence of bushes (alders, willows, birches, heaths, etc.) 

usually indicates deeper thawing and better underground drain- 

age than in the adjacent sedge marshes, peat moss bogs, etc. 

VARIOUS KINDS OP TREE-LINES AND THEIR SIGNIFICANCE 

© 

O 

r 

L 

The presence of a forest but more especially the bound- 

ary of the forest or stand of trees, THE TREE-LINE, indicates 

many terrain conditions.  These indications may be stated as 

follows: 

1. A relatively warm summer long enough for tree growth. 

The absence of trees in the arctic Indicates a cold, cloudy 

summer. 

2. The presence of trees indicates nothing as regards 

WINTER TEhPERATURE. 

3. The presence of trees does not indicate whether or not 

the subsoil is permanently frogen at depths of about 2 or more 

feet, 

I4., The presence of trees does indicate that the ground 

thaws in summer to a depth of roughly one foot, commonly more 

than two feet. 
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5. The elevation above sea-level of a tree line in a 

country, taken in connection with its latitude, gives an ind- 

ication of the summer climate, e.g.  In Great Britain the tree 

line is at an average elevation of 2000 feet;  in Switzerland, 

the trees ascend on some slopes to about 6000 feet while much 

farther north in Alaska under the Arctic Circle the tree line 

is at roughly the same elevation as in Great Britain.  In the 

ursi Mountains the elevation of the tree line is much as it is 

in Alaska.  This is due to the cold cloudy summers in the mount- 

ains of the British Isles and the warm sunny n\tmmav*a  en the 

mountains of Switzerland, Alaska and tbe Russia. 

PATTERNS OP VEGETATION. 

The order or arrangement, more or less concentric/of 

zones of vegetation is very significant and is a safeguard in 

interpreting if properly used.  One order of zonation that is 

very common can often be located by starting with a body of 

water, i.e. a stream, pond, lake or seashore. 

This pattern of vegetation, in order from the wettest to 

the driest may be put in this general form: 

1. Water: 

2. Herbaceous zone-grasses, sedges, cat-tails; 

3. Bushes, e.g. alders; 

14.. Swamp Trees, e.g. red maple, larch; 

5. Rich Moist Woods Trees, e.g. tulip tree, beech; 
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6. Pry Rich Woods Trees, e.g. white oak, sugar maple; 

7. Very Dry Barrens with Sparse Trees, e.g. blackjack 

and other scrub-oaks. 

If suoh a set of zones of vegetation occurs on flat or 

gently sloping terrain, each of the zones will be broad. 

If the slopes are steep, the zones will be narrow; if 

the a lope is very steep or precipitous, some or all of the in- 

termediate zones may be omitted. 

This principle can be used to make several important 

deductions, e.g. if the zone of cat-tails is wide, the bottom 

of the creek or river must be very flat (e.g. Part II. Phot- 

ographs 12-5)*  If further inland the zone of bushes is narrow 

(e.g. same photograph) the banks in contrast must be steep. 

MARSHES ARE AREAS FOR 

"FINGER-PRINTING11, MOVEMENTS OF THE ENEMY. 

O 

I 

Because marshes are tree-less, they are peculiarly favor- 

able for making vertical air photographs. Because much of the 

vegetation in marshes is brittle and breaks or folds down very 

easily, the readily betray any movements of man or large anim- 

als across them.  Hence, such an area cannot be crossed by a 

single soldier, mines cannot be laid in It, barbed wire not 

plaoed in it, vehicles not run it, without flagrant betrayal 

of what has taken place on a vertical air photograph. 
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DEDUCING THE STABILITY OF A TALUS SLOPE 

PROM VEGETATION 

Vegetation can be used to deduce the stability of a talus 

slope. The denser the vegetation, the more stable the talus. 

A talus slope devoid of vegetation is still in an unstable or 

sliding condition. 

o 

IE 

I   I 
I i 

DETECTING THE PLACES WHERE MOSQUITOES BREED. 

Most of the blood-sucicing insects have an aquatic stage 

early in life, usually after the egg hatches. This usually in 
i 

stagnant shallow water. Hence, vegetation associated with such 

water can be used as an indicator of potential mosquito breed* 

ing places, 

DETECTING THE PLACES WHERE BLACK-PLIES BREED 

Since the aquatic stage of most species of these insects 

is passed in well oxygenated water, the vegetation associated 

with swift-flowing streams helps to locate their breeding places 

when it is planned to wage war on them (e.g. see Part III, 

Plate M-12, 67-44., 5 and 6). 

i 
AREAS INFESTED BY VARIOUS TROPICAL DISEASES 

1AK  SOMETIMES BE DELIMITED ON AIH PHOTOGRAPHS 

In Siberia, the dry grass lands(elephant-grass, etc.) can 

be recognized. They are not breeding grounds for mosquitoes and 

( ;     therefore tropical malaria. 
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Areas where the tsetse fly breeds and also where it 

harbors can also be delimited in Tropical Afrioa.  This is an 

important means of controlling the dreadful disease, sleeping 

sickness.  The tsetse fly harbors in mangrove swamps but breeds 

further inland along a narrow belt of bushes and trees on river 

banks.  Both these types of vegetation can be detected on air 

photographs. Similarly the ponds in whicb the tropical snail 

that carries the disease Schistosomyasls can be recognized as 

such, fairly well, by the vegetation en the borders of these 

ponds in Western Africa. 

C 

( 
i 

CLIMATIC FACTORS CAN BE DEDUCED FROM PHOTOGRAPHS. 

PI.  II .shows how dlrsoticn of prevailing or strong winds 

and depth of snow in winter may be deduced. 

LOCATING ROAD BUILDING MATERIAL BY 

MEANS OF THE VEGETATION SHOWN ON AIR PHOTOGRAPH. 

This topic is illustrated by Plates I, VII and VIII. 

Time and space make it impossible to include in this 

Report many more generalizations which the Project Director 

hopes to study more fully and present later in a future public- 

ation, e.g. in general, the pines as a group always signify drier 

terrain than the spruces or larches or firs.  This applies to 

the forests of Siberia, Russia, Finland and Scandinavia as well 
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as the foreata of Alaska and Canada.  (Note that the "Sootoh 

fir" of the British Isles is the Sootch Pine of this country 

f Pinus sylves tria]), 

Another generalization on which the Project Director hopes 

to continue working is the determination of the degree of simil- 

arity of zones of vegetation in the Old and New World arctic and 

subarctic regions.  This similarity has been known in a general 

way for a long time, e.g. J, C» Brown, (Edinburgh, l88lj.) in 

"Forests and Forestry of Northern Russia", writes: 

"If from the base of some lofty range of mountains in a 
tropical land, which, notwithstanding the high temperature 
in the plain, have their summits covered with perpatual 

f~) snow, we ascend to this cooler region, we shall find veg- 
etation of one kind giving place by degrees*tropical plants 
giving way  to others, and these again to others, and 
auch changes repeating themselves till at length we meet 
only with lichens and mosses and their allies. And like 
changes in the vegetation might be observed if we journ- 
eyed from the equator to either pole, representative of 
the successive zones on the mountain. Of this successive 
disappearance of different kinds of plants, as a mountain 
rises in altitude, Lapland supplies many illustrations. 
Baron von Buch writesJ— 

'It is extremely entertaining to climb great and rapid- 
ly ascending heights in these climates.  The vegetation 
with which we are familiar in the valleys gradually dis- 
appears under our feet.  The Scotch fir soon leaves us; 
then the birches become shrivelled; now they wholly dis- 
appear; and between the bushes of mountain willows and 
dwarf birches, the innumerable clusters of berry-bearing 
herbs have room to spread—blae-berries on the dry 
heights, and mountain brambles on the marshy ground. They 
at last appear singly, with few leaves, and' no longer in 
a bushy form. At last they disappear, and they are soon 
followed by the mountain willows. Tha dwarf birch alone 

j braves the height and the cold; but at last it also yields 
before reaching the limit of perpetual snow; and there is 

C 
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a broad border before reaching this limit, on which, 
besides mosses, a few plants onlv subsist with great dif- 
ficulty.1* 

The similarity of the orderlor pattern) and the 
content of these Russian montane zones of vegetation to those 
in Canada and Alaska is very striking . 

nQn  A»cka Solki, one of these mountains en the western 
coast, which is about 3392 English feet in height, the fol- 
lowing limits of the different productions were accurately 
marked: 

Engl. Feet. 
Limit of snow in latitude 70° 35U* 
Betula nana, or dwarf birch,     27^2 
Salix myrsinitis, or whortle-leaved willow,   .  2150 
Salix lanata, or dowry willow, rises above the 

Betulft nana, and approaches the limit of 
perpetual snow,   

Vaccinium myrtillus# or blae-berry,   .   .   .  2031 
Betula alba, or birch tree,   .....  1579 

We should find following each other in the same order, but 
in broader zones, in the tropical, sub-tropical, temper- 
ate, and arctic or antarctic regions of the globe, many 
of these zones being susceptible of well-defined sub-div- 
isions.0 

In the foregoing, J,C, Brown (I88I4.) has expressed very 

well the notion of zones and patterns of vegetation for the 

entire world, and thus the basis for this important principle 

in photo-interpretation. 
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REFERENCE LIST 

Indicator Plants and Plant Sooietiea, 

And What They Indicate. 

(Lists in other Technical Reports of this Series, and in 
Part II of this Report No. 6 .) 

Teohnioal Report No. 6 

Tables of Types of Vegetation and What Terrain Conditions 

They Indicate= Part II; section 7, Table Nc.l 

Tables of Principal Plants and What Terrain Conditions 

They Indicate. Part II; section 7, Table No.2 

Technical Report No. 5 

Charts Vegetation as an Indicator of Terrain Conditions 

in the Arctic and Subarctic Regions, arranged in approx- 

imate order from the driest and best trafficability to 

the wettest and worst. 

Some Important Indicator Plants of the Arctic And Sub- 

arctic Regions, and What They Indicate as to Terrain 

Conditions. Part III 

Tabulation of Arctic and Subarctic Plants of the Kaniap- 

iskau area, and What They Indicate as to Terrain Condit- 

ions. Part IV; Table No. 1 
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Table, Showing in Three Parallel Columns, Plants most Com- 

monly Found on a) Hills and Uplands; b) Slopes and Lowlands; 

c) Marshes and Swamps. Part IV; Table No. 2 

Technical Report No. 1 

List of Important Chesapeake Indicator Plants and What They 
i 
i Indicate  (See also Part II pages 1 to 11 .)      part IV 

Generalizations: Photographic Technique Part II 
page 11 

Generalisations Based on Characteristics 

^ of the Individual Plant as a Whole. Size; Shape; Habit; 
i 

Abnormal Shapes; Roots; Trunks; Limbs, branches, twigs; 

Leaves, leaves and wind; Special Notes on Effect of Leaf 

Characteristics of Deciduous Vegetation on Photo-Inter- 

pretation; Winter Aspect of Deciduous Trees and Shrubs. 
Pert II, pages 13-20 

Generalizations Valid for Deciduous Forests 

in the Entire Subarctic and Temperate Regions (and probably 

to a Considerable Extent in Deciduous Trees and Shrubs in 

the Tropic8 and the Tundra. Part II, pages 20-23 

Generalizations Based Upon Systematic (Claa- 

sil'lcatory) Botany of Use in Photc-Interpretation. 

Part II, pages 23-27 
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Generalisations Based on Characteristics 

of the Individual Plant as a Whole. Size; Shape; Habit; 

Abnormal Shapes; Roots; Trunks; Limbs, branches, twigs; 

Leaves, leaves and wind; Special Notes on Effect of Leaf 

Characteristics of Deciduous Vegotation on Photo-Inter- 

pretation; Winter Aspect of Deciduous Trees and Shrubs. 

Part II, pages 13-20 
Generalizations Valid for Deciduous Forests 

in the Entire Subarctic and Temperate Regions (and probably 

to a Considerable Extent in Deciduous Trees and Shrubs in 

the Tropics and the Tundra. Part II, pages 20-23 

Generalizations Based Upon Systematic (Clas- 

sificatory) Botany of Use in Photo-Interpretation. 
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A Few Generalizations from the Field of 

Plant Geography of Possible Use to the Photo-interpreter. 

Part II, page 27 

A i'lytt Generalizations from Ecology of Pos- 

sible Use to the Photo-interpreter. 
Part II, page 28 
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INTERPRETATION OF COLOR PHOTOGRAPHY 

O 

A question often raised is: 
i 

Of what practical military use is color photography? What 

advantages does color photography have over panchromatic or 

infra-red photography, at least in so far as military photo- 

interpretation is concerned? 

It ?,s usually objected that color photography costs 

two to several times as much as panchromatic, that it   does 

not give nearly as sharp details as black and white film, 

that it requires much greater time and skill to process prop- 

erly and consequently poorer results are more often obtained. 

It is not our purpose to discuss these points here any 

further than to point out that there are certain problems of 

photo-interpretation which can be solved more easily and more 

quickly by the use of color than by the use of black and white 

photography and that there are even certain instances where 

black and white photography is of no use while color photo- 

graphy enables the object to be recognized.  The reverse is 

also often true, e.g. it is necessary to determine from a summer 

a'i* photograph the boundary line between a beech woods and an 

adjacent woods of river birch,( indicating wetter terrain.) 

Since the birch and the beech both contain exactly the same 

green pigment, chlorophyll, A and B color photography is often 

not as good as black and white. 
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However in the fall of the year the beech turns a cons- 

picuous warm tan while the birch turns inconspicuously dull 

yellow and only on a small port  of the foliage at one time. 

In such autumn photography color film is far superior. (Incid- 

entally the boundary line between two such woods indicates com- 

monly the lowest and often most convenient contour on which to 

build a ro8d in the ravines near the Chesapeake Bay.) 

IS THERE ANY RULE BY WHICH IT CAN BE DECIDED WHETHER 

I 

COLOR OR BLACK AND WHITE FILM SHOULD BE USED FOR ANY PARTICULAR 

INSTANCE OF PHOTO-RECONNAISSANCE OR PHOTO-INTELLIGENCE ? 

Disregarding the factor of cost, time and skill required 

in developing, etc. which must necessarily be decided or consider- 

ed in each individual case , there is ONE PRINCIPLE which seems 

best to consider ahead of all others. IT is : 

Which photography will give the greatest degree of contrast 

between the object sought and its background ? Middleton has es- 

timated on excellent grounds that the average human eye cannot dis- 

tinguish an object from its background unless it is in at least 

two percent of contrast with it. From this it follows that where 

black or white or any mixture of these two ( some shade of gray) 

are involved, but no colored object or      background, black 

and white film will certainly give the highest contrast. In such 

a case the use of color film is unnecessary. If however, either 

one or both object and its background are colored , color film is 
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certain to make objects more easily visible unless the object and 

its background are practically the same color. When an object and 

its background are of different colors but the contrast between 

them is nevertheless lower than 2%  , color photography has another 

advantage over black and white photography in that this contrast 

too small to be visible, can be made much greater, and therefore 

visible,by viewing the color transparency against a source of light 

of as nearly the same color as the object or its background as is 

possible or practical to obtain. The photo-interpreter is referred 

to Technical Report no.2 of this series where a very convenient 

f~\ and practical means of obtaining such a colored light is described. 

This is not possible in the case of black and white film. 

AN EXAMPLE OP THE MILITARY USE OF COLOR TRANSPARENCIES 

STUDIED BY MEANS OP VARIOUSLY COLORED LIGHT « 

The interpreter is aaked bo locate on photographs pill- 

boxes and machine-gun nests possibly camouflaged with branches 

of trees or bushes near- the top of a ridge in Korea.  Using a 

stereoscope and the utmost feasible magnification nothing is 

discovered on panchromatic small scale photography of this ridge. 

Turning now to color photography taken at the same time tmd on 

the same small scale, the photo-interpreter notices, on magnifying 

this film under a stereoscope, small spots of brown against the 

blue skyline, too small and indistinct for proper Identification. 

He, therefore, interposes a transparent or thin translucent orange- 
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colored sheet of paper between a source of bright light and the 

transparency.  The sheet of paper or other improvised filter 

can be clipped to the transparency or held by a clamp in front 

of the light (e.g. in front of the brightest part of the beam 

from a Coleman light, sometimes supplied the photo-interpreter 

in the fisid in Korea).  In this way a souroe of colored light 

is obtained which is somewhat like the color of brown leaves 

suspected as a possible camouflage.  If the source of light is 

bright enough or the filter thin enough* the dead brown leave?: 

will now stand out decidedly more brigntly and clearly against 

a darker background than when the transparency was viewed with 

white light.  (If the colored paper or thin cloth used is too 

thick to allow enough light to come through, oiling the paper 

or cloth will increase their transparency). When such dead* 

leaf-camouflage is detected, it can be verified further bf 

using pale blue paper as a filter for areas where the brovn 

spots appear against the sky-line and by uaing pale green paper 

wher« the brown camouflage spots appear against green foliage. 

In either case the brown spots will appear darker against a 

brighter background than when viewed with white light. 

O 

V 
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THE USE OP THE SEVENTEEN COMMON KINDS OF COLORED PAPER 

AND INDEX AT THE END OP THIS SECTION 

These sheets of paper can be used as extemporaneous 

filters for obtaining colored lights but they are also to 

serve as standards of color terms, so that the photo=interpreter 

will have at hand at least a few sampl colors designated by 

words as well as by a standard way of expressing color- by a 

numerical notation (Munsell), (determined at the National Bur- 

eau of Standards). Without such a system based on physical 

(       standards, names of colors are nearly meaningless.  Knowing the 

existence of this system, when the need arises, the photo-in- 

terpreter can in any keys or notes he makes, describe in words 

or notation the colors of what he sees or obser\'es,  with the 

assurance that his color terms can be understood.  (It i3 ex- 

tremely difficult to find any agreement among observers as to 

what is meant by such words as "tan" or "brown".) These seven- 

teen sheets of paper are inserted here then in order to assure 

the photo-interpreter that it is possible and entirely practic- 

al to use words designating colors that will be understood and 

to refer these colors to definite standards which are reprod- 

ucible.  This is important in using terms to designate colors 

In any keys for interpreting color photography. 
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FILTER FOR DETECTING F0X-H0LE8. 

A R©ttgh-and=Ready Method for Making even on the Battle- 

field Cueton-Built Filters, 

Obtain a sample of the layer of soil or subsoil, likely 

to be shoveled out in making a foxhole. Put a handful or a 

teaspoonful as is necessary, in a vessel filled with water. 

Allow the coarse particles to settle. Pour the muddy liquid 

into a bottle and add anything that will serve as a transpar- 

ent adhesive, egg-white, gelatin, glue, et. Spread or paint 

(~ on a thin sheet of glass or plastic, When dry this is a CUSTOM- 

BUILT Filter for fo^nole detection in areas where soil or subsoil 

of such color occurs. If one layer of this "mud-paint" is too 

thin, another can be added. Another procedure is to evaporate 

the muddy water to dryness and suspend the dry fine clay in a 

clear varrlsh, shellac, "dope" i.e. any of such transparent 

materials as may be available* Generally most materials are 

too thick or contain too much color to serve as filters be- 

cause they cut off too much light. When a color-transparency 

is viewed through such a filter interposed either between the 

eyj and the transparency or between the source of light and the 

transparency, the fox-holes will appear much brighter, while 

the baekgi~ound will appear darker, unless as very rarely hap- 

pens, the background is of the same color as earth excavated 

from the fox-hole. 
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ROUGH-AND READY FILTERS FROM FOOD WRAPPERS 

The orange or yellow cellophane wrappincs of food pack- 

ages, are very serviceable filters to use in the detection of 

vegetation browned by man or by any other agent*  Such orange 

cellophane or orange filters (Wratten G filter) can be used in 

front of field-glasses, periscopes, camera-lenses for the same 

purpose and will help in a similar way.  This use of orange 

filters in front of binoculars is now a routine procedure of 

foresters (Forest Insect Laboratory, Beltsville, Ad.) for det- 

ecting dead brown pine trees.  (See Section on Browning of Veg- 
( • 

etation, Plates NY-1, 2, and T-l to T-I4.). 

In Technical Report No 2 (Confidential) of this series, 

the Project Director has discussed this method of photo-inter- 

pretation from other specific military aspects.  Report No 2 

contains numerous other ways of improvising color filters. 

This topic has been introduced here deliberately as means of 

training the interpreter to think in terms of color photography 

as well as for the specific military objesctives mentioned. 

It seems highly desirable to make the photo-interpreter as res- 

ourceful as possible.  To make a good interpreter he must learn 

to think out each problem by itself, if neod be, making usa of 

what general rules he has learned. 
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The importance of color In camouflage and of Its 

detection by color photography has long been recognized. 

Thus, Walter Kerr in "The Russian Army" (Chapter 9, 191*4) 

writes: 

"Great attention was paid at all times to camouflage, 

i'lic paths were carefully covered with grass and leaves. 

Branches hid the guns that were partially buried in pits. 

Men in OBSERVATION POSTS were either underground or wearing 

GR3EN AMD BROWN CLOAKS and Hats to blend them into the back- 

ground. " 

Further information of recent developments in Color 

Photography particularly in the USSR may be obtained as a 

microfilm copy of a negative in the Library of Congress: 

K. Mertt>: IlBOTHaa •oTorpacpaa.  MocKsa, TocKHHOHSAaT, 

1950. 

Title transliterated: tfSvetnafa fotografifa. 

(Mic 52-61+6) 
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TO THE FOLLOWING SEVENTEEN SHEETS 

OP COLORED PAPER 

Trade 
Name 

J 

Munsell 
Notation 

Inter-Society Color Council 
and National Bureau of 

Standards Naoe 

Blue 
Tuscan 
Green 
Orang* 
Pink 
Dull Yellow. 
Bright YelloV 

Mlmeo Bond Paper 

1. PB 8.6/3.7 
7.5YR 8.3/6.3 
5. 0 8.7^.3 
9. YR 7.8/12. 
6. R 8.5/5. 
3. Y 9,2/6.5 
7.5Y 9.2/6.5 

Very Pale Blue 
Light Orange Yellow 
Very Light Green 
Strong Orange Yellow 
Light Pink 
Light Yellow 
Light Greenish Yellow 

Blue 
Green 
Orange 
Pink 
Canary Yellow 
Yellow 

Onion Skin Paper 

10. B 7.6/I4.. 
5. BG 6.7/3.7 
1. YR /.2/8,7 
8.5RP 7.1^/8.5 
8. Y 9.1/6. 
2. Y 8.5/7.5 

Very Pale Blue 
Light Bluish Green 
Strong Yellowish Pink 
Moderate Purplish Pink 
Light Greenish Yellow 
Light Yellow 

Blue 
Green 
Pink 
Yellow 

Bond Paper 

0.5PB 8.5/3.5 
.5G 8.8/U.0 
.5R 8.5>5. 

8.5YR 7.6/12. 
I 

Very Pale Blue 
Very Light Green 
Light Pink 
Strong Orange Yellow 

I 
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MILITARY INFORMATION 

DEDUCIBLB PROM VEGETATION 

ON 

AIR AND GROUND PHOTOGRAPHS 

Locating Road-building material; Recognizing Climate; 
Height of Water-table; Seasonal Aspects; 

Marshes, very sensitive recorders of military operations, 

Illustrated by Plates I to VIII, 
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PLATE     I * Gravel 
SECURITY INFORMATION 

Locating Road-bullding Material Proa Air Photograph*  Using Both Landforms 
PlftiS85iIi^f,nBftop*.lawMala*  (H*W-   6-37,38.   10-15-191+6,   1/17,000 appro*.) Pitted »l*oial Outvash,   Matanuska,   Alaska (22592,   22590, July l4,191*8, U.S. 
coast and_geodetio Survey, 1/10, 600 approx.Jsteep slopes indicate gravel. 

» 
3 

X 

3 

The rate and direction of movements of an army In the arctic and sub- 
arctic regions In the summer or season of unfrozen ground depends largely, 
on the location ol   road-building material.  Obviously locating surface 
deposits of gravel or high content of gravel is therefore of the greatest 
importance In planning the route of advance of an army.  The stereopalrs 
above illustrate how deposits of high content of gravel may be recognized 
by means of the land forma and the vegetation in many parts of the arctic 
and subarctic regions from Maine to Alaska,from Kamchatka to Scandinavia. 

RESTRICTED 



r 1 

FEP-^fX    VEGETATION,A  CLIMATE-     DtCTDIPTCft 
f RECORDING  INSTRUMENT       KtO I Kit I 1U 

"~" ' SECURITY INFORMATION 
kRT 

A 

• 

< 

PLATE     II 

Yagetatlon M an Indloator of Gll«at*. Direction of Prevailing and/c 
Strongest Wind Shown by Unequal Length of Branohee on Opposite Side* 
of a Tree on ground and ga Air Photograph* a» Aeymmetrio Crov.ia. 

Theie photograph* ahov the black spruce (B) near the northern limits 
of Its distribution, i.e. the tree-line and how in these desolete sit- 
uations it serves as a weather-reoording instrument.  6l53, 1.3 clear- 
ly show that the prevailing strong wind is from left to right, just as 
\\  shows the prevailing strong wind is in the opposite direction.  The 
spruces on 1 and 2 register the average height of the snow drifts in 
winter by the seotion of the trunk where the branches have been worn 
off by the fine loe driven by the winter blasts that raged above the 
snow.The spruces on 3 and I4. show the effect of the sand and ice blast 
as well as a blow-out at Port Manvers, Labrador. 615>3 shows black spruce 
with reendeer moss IR) and heaths IH).l and 2 were tak*n at Churchill. 
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Patterns of Vegetation: Zonatlon In the 3ubarctlc Region. 
Albany River and at the Koutb of the Attawapiakat River. 

Photo-reoognltion of ve-  6081 c 
getatlon and subsequent 
photo-interpretation is 
made very aioh  easier by 
taking advantage of the 
faot that different types 
of vegetation are com- 
monly arranged in tones 
or bands and that rela- 
tively few kinds of 
plants make up the great 
bulk of many of these 
tones throughout the 
world. In the subarotlo 
tone the forests or 
stands of trees are oom- 
monly bordered by a line 
of lower plants, or bushes. 
These are either sons one 
of dotens of species of 
willows, or alder* or 
sweet gale or shrubby 
birch - very rarely oth«r 
shrubs in large enough 
quantity to show on an 
air photograph. Whenever 
a body of water is present, 
it is good procedure to 
start with water and note 
the bands or tones on the 
photograph whether hori- 
tontal or vertioal. The 
tens closest to the water, 
about 1 to 2 feet tall and 
light toned is usually 
sedges, marsh grasses 

Alor 

*8a£-?*. ,fe»i,'^?s?,A small admixture of sand and ~-r >.v«: 
KJ*r$uM«makes this tidal flat paaslble^for 
& „ "''"."caterplllyr trautora at low tide. 

Is, eto. The nexvsone inland is bushes, that la, willows, aiders 
or swset gale or shrubby birch.  Still further Inland t.e the 3t9nd of 
trees. These tones correspond to a progressively lover water table or 
a progressively less  wet oondltions underfoot. 6081 shows the Albany 
River, the first or lowest tone (o) sedges and grasses; the second zor.c 
(8) is mostly a light-toned (Salix oandida) willow bush in front of a 
darker taller willow (Salix pellita); the third tone (trees) is mostly 
the very dark-toned blaok spruce (B) with a few quaxlng asps. (4) The 
larger* spreading lighter-toned trees in the background are cotronwc .i. 

6082 taken Aug.22, 1962 near the same spot shows all the above as 
markedjbut in addition, at the extreme right a colony of Salix lucida 
rather dark-toned and at the extreme left a row of lower, medium gray- 
toned Sweet Gale (Myrloa Oale). 6211, Sept. 7, 1952.  Shows zonatlon 
on an exceptionally dry, high bank, the best farming site locally. A 
pure stand of (C) oottonwood (here 60* tall) always indicates well- 
drained soil, from Labrador to Bering Strait* M: Sweet Gale uiyrlc* •,:•• 
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PLATE IV 

Panehromatle Stereo Air Photograph* l/l|.800, upper June 1950, lower Dec 1950 
Taken by Forest Insect Laboratory, USDA, BeltsYille.Md. Showing seasonal 
aapeota of swamp with marginal marsh 

^ •>* 
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It it noteworthy that the marehy (tree-less) area is In much higher contrast 

with its eurroundlngs in tha winter than in tne summer photograph. The mar-by 

areas hav* deeper.softsr mud than the swampy or tree oorered areas. 
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PLATE 

Trails mad* by man or large animals show plainly on air photographs 
Thoy should bo differentiated from small channels (3690) and the wor- 
kings of muskrats (3700).  Sin a* oat-tails commonly occur in pure 
.stands, they have a distinot texture. 

M. e 
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Cat-tall marshes are found in lowlands and flat terrain around the 
globs.  In this hemisphere from the Gulf States to Alaana; in the 
Old World in Baltio area, etc  They root in mud und«-.' shallow water 
and indicate permanently wot areas mostly impassible by all ordinary 
tracked vebioles.  Hsrs is a detail of a oat-tail marsh in the 
Chesapeake area where the traveler, unless he steps from tuft to 
tuft, will sink in the mud to a depth of 2* or V   between the tufts 
of cat-tails.From the standpoint of reconnaissance, a oat-tail marsh 
is as sensitive a reoorder of the passage of man as is freshly fallen 
•now.Because th* stalks ere brittle and stay bent-down readily, a man 
or large animal oannot oross such a marsn without leaving a trail 
plainly visible en air photography. 

RESTRICTED 
SECURITY INFORMATION 

I 



1 
t 

T. REP . SIX 

PART  J Ster 

RESTRICTED 

i 

PART VI 
SECURITY INFORMATION 

Stereo Infra-red Air Photographs, approx. 1/17,000, H.W. 2-116, 117, show- 
ing a steep ».lope in OreenvtTMe Township, Maine, covered by a stand of ta- 
red spruoe (Picea rubens).  Stereo Panohromatio Ground Photographs of « 
steep slope on Equinox Mt., Sept. 9, 19£0.  Taken by A. Dutlily. 

w 

o 

33 
a 

Dr. Harold E. Young, who secured the air photographs from Maine, rtat.es *-v"* 
the combination of steep slope and dense growth of the dark-tcned red sprite 
creates a very formidable obstacle to travel an<i lumbering, whence the rare 
Misery Ridge. The Vermont slope, elevation 38001, is covered with a forest 
yellow biroh with a fair amount of fir and black spruce. 
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j# in the 3t«t« of )U1M approx, 1/17.000, sw-io-ij. 
t_ «ord wood and on an island-eaker, and a gravel nit 
% /ana 6, 1952| and RPV-13-18, 19, showing a boom with 

The upper stereo pair shows 
tha rounded sound of a lean* 
(K) with a gravel pit (G), 
Kanes are glacial deposits 
of high eontent of gravel and 
like eskars (E) are often 
used as means of locating 
gravel. The differenee in 
tone and texture between the 
2 white booms of oaptured 
pulpwcod in the upper pair 
and the booms of gray coarse 
textured legs in the lower   _______ ,_. 
pair is striking. The ground stereo 121 stacked pulpwood, witn unite bar^ 
of the blreh and pale bark of aspen distinguishable. Whether the pale 
bark is or is not on wood in the boom, it still registers nearly white 
the air photograph. At the left of 121 is shown Norway pines 
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Srer*o  Tnfr«-red Air  Photographs,   approx.   ]/'l7,OOU.   h'.P.W.   7-<-'7,   ?c   . ur 
6,   1951.     Showing  a  Road  Built  on an  Esicer  in Main*.     "round   ?ho*-i , r„•. •- 
of Glacial  Till   in Wisconsin;   Taken by Ed.   Steiperwaidt,   P.uw.   i;,   ],•'... 

.-• «• ,v & 

The upper stereo pnir 3how3 one of the numerous e3k<=rs in Maine uti'. i~ec 
as a virtually ready-mude rocd.  (G) is c   gravel pit.  The benver-d-ir. {' 
with its dark-toned marshy area shows in rrenter contrast th.-.r '. t  \.\,-;*. ! 
on panchromatic photography.  Stereo pairs 5 and 4H show glr.eial till in 
•Viscous! n. The porous nature of the till can be inferred from the ~t-..;'i 
of nardwcod forest on (5) and ^ispen-birch 3tnnd on (42). 
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THE BROWNING OP VEGETATION 

DETECTIBLE ON AIR PHOTOGRAPHS 

ITS MILITARY SIGNIFICANCE AND DETECTION 

Illustrated by 

NY- INew York) Series of Plates 

and 

T- I Texan)  Series of Plates 

Air Photographs 

and Ixiformation 

by 
Robert Heller 

Forest Insect Laboratory, 

U.S. Dept, Agriculture. 

1950-51. 
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NY - 1 

SECURITY INFORMATION 
Comoarison of the effect of scale and of filters In detecting browning 
and'in identifying textures.  White pine plantation and low meadow, 
near Woodstock, N.Y., N.Y. State Game and Conservation Dept.r Sept.,l?50, 
Forest Insect Laboratory, Beltsvllle, i«ldJL 

Scale l: 3600 

A filter 

Scale It 3600 

0 filter 

w 

Scale    It  214.00 

0 filter 

• 

This and the following plate further Illustrate the effect of scaleand 
A and 0 filters on air photographs but in •^other<.l°

oal"y ?^ S broSned 
IT) Texan series of plates. Here the object was the detection °f £°wn^d 

and killed terminal shoots of white pines, photographed on "£« JJ1*^ 
panchromatic film. Unfortunately, the brown -hoots registered very ££«£ 
on the panchromatic film to the extent that the photo interpreters reoogniz 
only 50 oercent of tbm even on the largest sca^a -.1/1200J, 
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Comparison of the effect of scale and of filters in detecting browning 
and in Identifying textures.  White pine plantation and low meadow, near 
Woodstock, N.Y.> N.Y. State Game and Conservation Dept. Plantation, Sept. 
1*550.  Scale 1:1200. G (orange) filter. Showing same area as preceding 
plate. Forest Insect Laboratory, Beltsville, Md. 
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(Continued from preceding plate). 
In notable oontrast, color film taken at the same three scales en- 

abled the interpreters to recognise 95%  of brown shoot on the 1:1200 
scale, about 80* on the U2k00 scale, and approximately J$%  on the 
1: 3600 scale. A test of significance was made on the above study and 
no difference was noted among three observers using identical viewing 
equipment; however, there was a highly significant difference among 
the three scales.  Just as the Texan series (Plate T-l to T-k) clearly 
shows the great superiority of panchromatic over infrared film in re- 
cognizing browning of vegetation, the present series shows the super- 
iority of color film over panchromatic film on 3 different scales for 
this same purpose.  It seems obvious that the highest accuracy in the 
detection of browning for forestry or military purposes could be ob- 
tained by the use of the continuoua-strip camera.  It should be noted 
that the brown terminal shoots are roughly about 6" in diameter at the 
time when photographed. Note the textures shown by forest planting 
on the different scales* A *  alders marsh; D s dead brown pines; P » 
living green pines. 
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SECURITY INFORMATION T * ~ 
Plate I of a series of k plates to show oomparison of filters, films ai 
scales for determining the best means of deteotlng browning of leaves 
Stereo Panohromatlo Air Photographs, Southern Pine-Hardwood forest, net 
Beeumontt Texas; MOT. 11,1950. Forest Insect Laboratory. Beltsvllle. 

Seals ltl5.6k.O 

A filter 

Scale 1*15,8fc0 

0 filter 

Thia is the first of a aeries of four plates designed to show the 
effectiveness of two types of film (panohromatlo and Infrared), two 
kinds of filters (A-red and 0-crange), and thrse socles of photogrspby 
(1* l5,8M>» It 7920J and It fc800). m .  . 

These pictures were made to detect the browning of pines caused by 
a bark beetle. Related beetles cause aimilar appearing damage in piu* 
lands throughout the world. 

HllUary operations damage the regetatlon to a greater or lesser 
extent after varying periods of time. Suoh damage shows sooner or 
later as a change in oolor from green to brown In a variety or snaaes 
down to straw-oolor. Hearly all of these colors registsr on air pno- 
tographs as much lighter toned than the neighborlmg green ••8»**ti°n; 
This is shown In this series of four plates. Doubtless further stuoy 
will snabls ths photo-interpreter to decide whioh filter and w»«n 

film will bs best to use for any partioular ahade of br0TO V*1?* *vw 
dloatee a corresponding militsry operation. For example, the l©©***' 
oommon blaokjaok oak usually turns a rather reddish-brown, *?£'•* A 
suoh killed oaks would evidently eome up lighter in tore witn an » 
filter than a'0 filter. tContinued on the following plate J. D • oe»a 
brown pines; P • green pines} R • road on top of a oil pipe-line. 
Z is a marsh with a waterllly pond In its oenter.  G r r.um tree 
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Plate II of a aeries of U plates to show oomparLaon of filters, films c, 
scales for determining the best means of detecting browning of leaves. 
Stereo Panchromatic Air Photographs, Southern Pine-Hardwood forest, net 
Beaumont, Texas; Nov. 11,1950. Forest Insect Laboratory, Beltsville, Hd. 

1 

-T3 
Scale 1:7920 

A filter 

Scale 1:7920 

0 filter 

(Continued from 
previous plate)  __ 

It might be thought that infrared film would be superior to panchromatic 
for registering the red-brown foliage. However, a comparison between the in- 
frared photographs on plate T-I4. with those on plates T-l, 2, and 3 show that 
exactly the opposite is true. It is readily seen that brown, dead pines (D) 
(encircled with white on plate T-U.) are not distinguishable on the infrared 
pictures from the neighboring green pines (P). In contrast, on the panohro- 
natlc film, the dead pines can be distinguished on any seals with the A filt- 
er, and with more difficulty even with a 0 filter.  IT CAB, THEREFORE, BE 
STATED THAT IBFRAHBD IS AK UBSUITABLB TYFR OF FILM FOR USB IB* DETBCTIHO 
BRCVNIHG OF FOLIAGE ANYWHERE IB THE WORLD.  This sweeping statement is made 
on the basis of sound theoretical considerations, speotro photometrio deter- 
minations on variously browned leaves, and most deolsive of oil on many 
series of air pnotographs taken by the Forsst Inseot Laboratory, Beltsville, 
Md. of many kinds of vegetation in the following widely separated forests: 
the spruoe-fir forests in Heine and pines in Bew York, Maryland, and Texas. 
Orange oolored goggles have been used by aerial observers of the Forest In- 
seot Laboratory with striking suooess in looating distant dead brown trees, 
especially in hasy oondltlona. 
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Plat* III of a aarlae of t| plataa to ahow comparison of f lltera, flima 
and aoalaa for dataralnlng tho boat moans of dataotlng browning of leavea 
Storao ?anahroaatlo Air Photographs, Southarn Plna-Hardwood foraat, naar 
Baaumont. Taxaaj MOT. 11,1950. Foraat Inaaot Laboratory, BoltsYllls, Md. 
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Tha abora photoa wara takan at a aoala of lifcBoO; tha top pair waa 
ezpoaad through aa A-2$ trad) f11tar, tha bottom pair through a 0 
(oranga) f11tar. Iota tha graatar tonal eontraat on tha upparphoto 
batwean tha haalthy graan plnas (P) and tha daad brown plnaa ID). 
Nota also tha oonapiououaly llght-tona raglatarad by tha prayalling 
raddiah gum traas (0). _,-,_--).-,-«.,* 
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PLAT 
T - fc 

Plate IV of a series of k  pletee to show comparison of fliters, films ai 
scales for determining tha boat means of detecting browning of leaves 
Starao Infra-red Air Photographs, Southern Pine-Hardwood foraat, near* 
Beaumon*,, Texas} Kov. 11, 1950. Foraat toaeot Laboratory. Beltsville rtd 

Soala It 15,8J«0 

0 filtar 

Soala It 7920 

0 filtar 

t r* 

li. I-* 

. r 

Scale it 7920 

A filtar 

D • dead brown loblolly 
»~        pines.  0 • oil pipa Una 
P   Pa green loblolly pines. 

(Plnua Taeda L.) 
Altnough these infrared photographs do not show precisely the same loeality 

illustrated on the first 3 plates, they were taken in the saae foraat about 20 
wiles distant.  It ahouid be noted that the trees in this forest average 80 to 
00 feet in height and form a aloaad oancpy. The underbrush, consisting large- 
y of palmetto and amilax (i.e. oat brier, dog brier, devil's shoe string, eto- 
not blaokberries) is a formidable obstacle te any sort of travel. 
ie combination of thick underbrush and the dense stand of tall treea eonatltute 

i  : effective barrier MTon to heavy traoked vehicles. 
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SOME TERRAIN CONDITIONS 

DEDUCIBLE FROM SNOW 

AS SHOWN OH 

AIR AND GROUND PHOTOGRAPHS. 

ILLUSTRATED 

BY 

SNOWFALL SERIES 

OP PLATES. 
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SNOWFALL SERIES, 

Plate I and Plate II of this 3nowfall Series demons- 

trate that snowfall may often be a very considerable help 

and not always a hindrance to the photo-interpreter as is 

sometimes thought. The fundamental reason for this is the 

great increase between the contrast of the nearly pure white 

of the 9now and the much darker tones of most other objects 

in the landscape. 

Photograph 3909 on Plate I is a striking case of 

utilizing a snowfall In deducing terrain conditions.  The 

white area in the right background is a patch of cord-grass 

completely covered by snow (JS) while the gray patch in the 

left background is a patch of cat-tail (t). The boundary 

between these two types of vegetation is extremely sharp and 

very evident because of the high contrast.  The other ground 

photographs of this spot on Plate I as well as the Air Phot- 

ographs talfcen at seven different times of the year clearly 

demonstrate the advantage of a light fall of 3now distinguish- 

ing these two types of vegetation. 

The photo-interpreter will do well to note that both 

cord-grass and cat-tails commonly grow in distinct, often 

pure stands permanently wet terrain, i.e. marshes.  But cat- 

tails nearly always mean deeper, softer mud than cord-grass, 

cause slower travel on foot, grow in fresh to brackish water. 

Stands of both plants occur in estuaries. 
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SNOWFALL SERIES. 

Plate I and Plate II of this Snowfall Series demons- 

trate that snowfall may often be a very considerable help 

and not always a hindrance to the photo-interpreter as Is 

sometimes thought.  The fundamental reason for this is tho 

great increase between the contrast of the nearly pure white 

of the snow and the much darker tones of most other objects 

in the landscape. 

Photograph 3909 on Plate I is a striking cast? of 

utilizing a snowfall in deducing terrain conditions. The 

white area in the right background is a patch of cord-grass 

completely covered by snow (A)  while the gray patch in the 

left background is a patch of cat-tail (t). The boundary 

between these two types of vegetation is extremely sharp and 

very evident because of the high contrast.  The other ground 

photographs of this spot on Plate I as well as the Air Phot- 

ographs taVsn at seven different tirr.es of the year clearly 

demonstrate the advantage of a light fall of snow distinguish- 

ing these two types of vegetation. 

The photo-Interpreter will do well to note that both 

* cord-grass and cat-tails commonly grow in distinct, often 

pure stands permanently wet terrain, i.e. marshes.  But c&t- 

talls nearly always mean deeper, softer mud than cord-grass, 

cause slower travel on foot, grow in fresh to brackish water. 

W      Stands of both plants occur in estuariea. 
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Snowfall Series 2 

Both plants have close relatives in Eurasia and eaoh 

indicates nearly the sane terrain conditions there as on the 

American continent.  CORD-GRASS AND CAT-TAILS OCCUR IN THE 

COASTAL MARSHES OP THE BALTIC ART NORTH SEAS AND INDICATE 

LANDING AND TERRAIN CONDITIONS THERE. 

By inference from the life-forms of cat-tails and 

cord-grass, it is clear that the stout stalks of the Eurasian 

oat-tails will mostly stand erect above any but a very heavy 

fall of snow (3 feet or more) or a heavy sleet; while the 

slender stalks of the Eurasian cord-grass will soon fall to 

the ground and be covered by even a light snowfall. 

The 2 l/lj." snow shown in 3909, fell slowly during the 

night of Nov. 29-30, 1952, with no perceptible wind.  It there- 

fore settled evenly, without drifting. Prom this it is log- 

ical to infer that the snow would melt always EVENLY on a 

uniform surface but UNEVENLY on a non-uniform surface. And 

this was the case (see Plate III). 

HERE IS AN OPPORTUNITY FOR THE PHOTO-INTERPRETER TO 

LEARN AND TO PUT TO PRACTICAL USE THE ART OP DEDUCTION. 

If the preceding is true, then a light, undrifted fall 

of snow should melt away evenly on a sandy beach, less evenly 

on a gravelly beach and show a still coarser texture on a 

beach strewn with l»rg6 objects such as boulders, driftwood, 

cobbles, dead sea-weed, etc  The pattern of melting snow en 

gravel (Plate III) did not form on the adjacent sandy soilr 

The snow melted away evenly without showing any pattern. 
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3H0IUFALL SBRIE3 

IB.T J "««•M n^r\u»n(»i«iiurf PLATE - I 
Snow-falls Often Reveal Terrain Conditions as wall aa Conoeal Than on Ground 
and Air Photography. Cord-grass laost Clearly Diatinguishable from Cat-tall 
Marat Aftar a Snowfall.  Tha aaaa locality evident but In muoh lower contrast 
on 2 ground photogyapha and 6 air photographs (on next plate) In different 
aaaaana. 
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Interpretation of vegetation In 
braoklah marah©a In many parta of 
tha temperate and acbaretlo reg- 
ions, as to landing eondltlona on 
eoaatal marshes Is shown,by photo-] 
graph 3909, to be greatly facilit- 
ated by a light fall of anow. The 
area marked (a) la permanently 
wet but dietinotly better terrain 
for walking or vehicular traffie 
the** the eat-tal} marah (t) near- 
ly surrounding It. 

<s) Is a "ealt meadow" where 
one kind of eord-graaa (Spartins 
patens (Alt.) Muhl.) Is 90* of 
the growth.  It alwaya lndioataa 
tha presence of braoklah water or sen water, an area slightly above the 
average high tide but subject to flooding during aprlng tidea or high 
tldea oauaed by on-ahore wlnda.  This graae can also be taken as in- 
dicating roughly bcw far upstream from the mouth or eatuary of a river, 
barnaclea will grow, I.e. In ascending a river, where this grass no 
longer growe in the marahea, the salinity of the water la too low for 
the growth of barnaclea.  3909 (Nov.30,19i>2) end 3820 (0ct.l9,19i>2) ax-e 
panchromatic photographs taken through a 0 filter.  1819 (Nov.l, 19l|.V) 
panehromatlo photograph without a filter, waa taken after a heavy frost. 
The following plate shows the same area on air photographs at various 
times of the year and on three different aoalea. 
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PLATE - II 

Snowfall Sometimes Facilitated Recognition of Terrain Conditions on Photo- 
graph*. Compare These Air Photograph*, Taken at Seven Different Times of tut- 
ye»r Without Snow, With Photograoh 3909,Plate I, Prscedlng,After a Snowfall 

AIL the above are panchromatic air photographs. 3-8,9 (Oct. £1, 1952) and 
3a-10,ll I Nov. 12, 1952) were taken through a G filter; 9k  lDeo.U,19U9J 
and ^8 I April q., 1950) form a quasi-stereo with one number taken at the 
beginning, the other at the end of winter; 21*, 26 (May 9, 1950) shows no 
apprecinbie dlffsrencs from the preceding 3 stereo pairs, all on approx- 
imately a soale of 1/21*00: 3-17 (Aug. 10, 191*8, l/lu.000) and 5-1, 1*-1 
(Sept. 15, 191*9, 1/20,OCO) show the same stand In summer aspect and on 
smaller scales. 
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REP .SIX RESTRICTED SNOW-FALL SEKIBS 

PLATE - III SECURITY INFORMATION 

ART I Interpreting the Pattern of Melting Snow as an Indicator of the Lir.d or 
Surfaee on Beaohes. Oblique Stereo Photographs Indicating Presence of 
Gravel by th-» Pattern Assuaed by the Melting Snow, which often Assumes 
Sams Tussock-Forms as B*iv:deer Moss <0-l). 

...... i 1(   M       JL. 

M • 

o 

> 
S3 
O 

0-1 (taken by Gerard Gardner, 
Uj* 1939 at 3 miles up stre 

Sept. 
fros the 

mouth of Great Whale River 78° 28»V, 
55° 17*» shows the tu»sock-form* 
assumed by reindeer-moss In an open 
stand of white spruce (W). It Is very 
noteworthy that snow, melting on a 
gravel surfaoe, also assumes a very 
similar pattern, texture and tone. 
This similarity extends even to the 
type of drainage of the soil indicat- 
ed - i.e. relatively dry terrain of- 
fering good travel conditions on foot 
or for vehicles, in both oases. 
3900 and (39)Ok (*«•. 30, 1952) were 
taken on a gravel surface on a bank 
fifty feet above the level of an arm 
of Chesapeake Bay, the body of water 
shown.  Tin background of 3900 shows 
that a deolduous woods with branches 
covered with snow, sometimes make 
possible a sharper distinction bet* 
ween the Individual trees in the back- 
ground probably due to the reflected 
light cf the snow lightening the shad- 
ows.  see also Plat. IV.     RESTRICTED 
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PLATE - IV 

?ersistenoe of Snow on the Brsnohii of Trees Can Be Used In Oetec-In* Troc 
Movements, In Facilitating Heoognltion of the Kind of Indicator Tree  th« 
Traffleability of Fields and of Ditones. 

**^i+*4 • 

3893 md 3908 (HOT. 30, 1952) both taken through a G filter In the Ches-" 
apeak* Bay area, tha flrat at 8:25 AM, the second at 10:10 show the dif- 
ference In fane of branches of deolduous trees, with and without snow. 
A body of troops or vehioies moving through such a snow-covered forest, 
oould some times knook off sufficient snow to show on air or ground phot- 
ographs that there had boon suoh a disturbance and the sntlre path seen. 
Another terrain oondition often more dearly shown after * snowfall is 
the kind and amount of underbrush in the forest.  Thus, evtrgreen shrubs 
like mountain laurel IKalmia latlfolia L. ), at least, In hcrisontal and 
oblique views, retain relatively large elumps of snow in ocntrast to the 
leafless bushes. 13 taken late in Nov. 1952, Rimouski, Quebec, at the 
right oenter,the uniformly white patoh is the completely snou-co7ered 
stubble of a grain field.  The other fields in the left foreground not 
completely covered and     showing considerable dark above the snow are 
relatively soft underfoot and are plowed latest of all- In planning trav- 
el routes aorons country at this lime of year grain fields and never hay- 
fields should be used. 29 (Rimouski, Deo.U, 1752) shows the snow remain- 
ing muoh longer on the eandy bottom of the ditch than on dark, heat-ass- 

orbing peat. •»•.*•*•*•*»»•»•* 
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#PART   I* SECURITY INFORMATION M^TE . v 
Snow Pattern* Oft»n Indicate th» Pro ••no* and Kind of Surface of a Rot 
Recent Passage of a Vehicle;    Vegetation Showing Above the Snow   Indi. 
oates  Tsrreln Conditions.  Ski-traoka,   Snov-shca-track3 and Other Trai 

Visible en Penehro»"tie photograph* Taken in Sunlight. 
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On 3907 llov.  30,  1952,   Chaaapaaka Bay)  the tus- 
sock-pattern of the aeltlng snow indicates: a) 
that the read is gravelled and not a smooth sur- 
faoed road} b) sinee the tussoaks show,  it is 
•trident that no vehiole has bean on this road 
•inee the snow fell.    Vegetation showing aboTe 
the snow oan sometimes be used to help in est- 
imating the snow.    Frequently the position of a 
road buried under a deep snow is indlsated by the hedge of trees and bushes. 
13 and U4. (taken by 0.  Gardner,  Laurentidee,   Quftbeo,   Feb.  1952)  »kow 6t tne 

loft by the regular straight lines and the marks of the " ski-poles "   on one 
side    only,,   that the three  •«-•»•• war- eliding down by  gravity wh'ile  the 
Irregular lines and the sst of noies on both sides of them snow Ja*J »£6.i0M, 
tary ski-*r was tolling up slops.   Deeoendlng «now-ahoe  traoka,*t rigm; ui     • • 
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TRAVEL CONDITIONS 

in 

FIR-?? IKE FORESTS 

of 

OREGON AND COLORADO. 

Air Photographs 

and Information 

Illustrated 

by 

OC-Series of Plates 

by 

Robert Heller 

Forest Insect Laboratory, 

U.S. Dept, Agriculture. 

1951-52. 
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Recognition of Burnt-o»er Art* in Douglae and White Fir Foreat, MV 
Bear Spring Ranger Station, lit. Hood, lational Fore at, Oregon} July 31. 
1951, Prod, and Mktg. Ad*. CCJ. 171* 170 right, 1/20,000. Stereo 
rsaohromatio Air Fhotc *"• 

It la often objeoted that pi ant a f unreliable aa lndleatora of ter- 
rain oonditiona beoauae fire ean destroy the vegetation at any time and 
that than/ after auoh a fire, for many yeare, the area la devoid of any 
Tegetatlon that givea any Indleation of the typo of terrain, Thla la a 
Tory common #i*or, Aa a matter of faot the Tegetatlon that, appears af t« 
a fire, indioatoa the typo of terrain nearly aa aaaea aa did the preTioui 
Tegetatlon destroyed by the fire, 

Thla faot la plainly shown for the fir forest of Oregon on thla and 
the following plate. About fifteen ye are after a "burn , the area ap- 
pears on air photographs aa outlined in white. Dense fir reproduction 
has invaded the area fro* either end and la readily distinguishable by 
its much finer texture. Since the trees ars» ao muoh emailer a general- 
isation that the texture on air photographa would bo finer, appliea 
here and provee to be the eaae. The beat travel route la at 12) where 
hill top haa denser Tegetatlon. At (1) the e&pplinga are ao thick aa 
to constitute a real obstacle to foot traTel. 

In general, however, after a foreat fire, the terrain beooaee drier 
In the case of severe burn, Che layer of humus and some top aoll will 
be destroyed ao that the water holding oapaolty of the soil is greatly 
lowered.  Thla drier terrain la indicated by th* vegetation whioh may 
be more aparae, alowor growing and of a different epeoiea, the>t are 
characteristic of drier terrain. 
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Recognition of Burnt-over Area la Eouglas ' 
Bear Spring Bucir Station, Kit* Beod, ffkti 
1951.    l^d. and Mttg. Afcv 00e\ 170,  1*9 1 

Hi f 
0C - 2. 

ranonrottatio Air 

Hhite Fir Forest, near 
. Forest,  Oregonj  July 

Urto 
goa^July 31. 

M 

IS 

A forest fire about twenty five years ago oaueed this burnt-over area, 
that is, about ten years before the fire ravage shown on the preceding 
plate. lote the similarity of two burnt areas in spite o" the differ- 
ence in time. The best or least obstructed travel again is at (2) where 
the vegetation is thinnest and the terrain driest*  This is a very much 
better route than at (1) where the growth of the saplings of fir is ex- 
tremely dense and obstructive to any Kind of travel. 
Logging reads show good routes of travel an4 ere easily reoognized on 

air photographs as shown at the right of CCJ 169, above and sspecially 
on the following Plate 0C-3. 
Forest fires are very common in the soniferous forssts of the Old 

World as well as in Alaska and Canada. It should be noted that in many 
such burnt-over areas, the vegetation that at first establishes itself, 
produces mien more food for wildlife and an increase in the amount of 
game per unit area.  This is of importance from the standpoint vf sur- 
vival or "living off the land" by email reoonn&icsanoe parties. 
(Continued on the next plate 0C-3). 
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I Alder Marsh and Lower Limit of Tree Growth «t Grar.ing Land, In a "Ponde- 
rosa" Pine-Douglas Fir Forest,, naar Bear Spring Ranger Station, Mt. Hood, 
National Forest, Oregon; July 31, 1951. Prod, and Mktg. Ada* CCJ. 3 II 
70, 71 (right). 1/20,000. Stereo Panohroaatlo    ~ " 

(continued from the 
preoedlng Plate OC-2) 

A travel route 
baaed on the burnt- 
area reoognisad on 
air photographa ean 
be plotted to take 
advantage of this 
faot In many italler 
areas in Alaska, Can- 
ada and OSSS, so that 
the route akirta the 
denser brush but 
still does not go 
through it while 
taking advantage of 
the more abundant 
game living there. 
The boundary ef the 
unout, ucburnt fir 
forest in the upper 
left corner is evid- 
ent. The abundant 
looaiug trails (1) 
everywhere are sa ia- 
diaation of the 
small rainfall, the 
relative drynese ef 
the terrain. The 
lower area has a thin 
covering of dead straw 
oolored grass (d)whers 
travel conditions are 
very good but conceal- 
ment and eovsr totally 
leaking. The edge of 
the forest and the 
gully show a much dark- 
er tone, registered by 
dark green grass <g) 
an indication of moister 
terrain. A saalZ marsh 
(A) of alder bushes, of 
cheraot+ristlQally even 
height and dense growth, 
registers necessarily as 
vary even tone of gray. 
As everywhere else ald- 
ers indioate permanent- 
ly wet terrain and dif- 
ficult travel conditions. 

RESTRICTED 
SECURITY !:\?C-'.v   l.ON 

1 
*«•• 'm£*i*\*mm \ fflfcetf*.'eJt»»v>«»'Y»-*•i - ' "•' * 



.1- 
1 

REP .SIX RESTRICTED 
ART   I 

W 

as 

PLATS 
OC - k 

SECURITY INFORMATION 
Dlfferenoe In Travel Conditions on the Moister Northwest-facing Slopes 
and the Drier Southeast-facing Slopes in the Douglas Plr and "Ponderosa" 
Pine Porest near Bear Spring Ranger Station,  Mt. Hood,   National Forest, 
Oregon)  July 31.  1951.    Prod,  and Mrtg. Adm.  CCJ.  3 H 56,  57 (right). 
1/20,000.    Stereo Panohromatio Air Photo* 

2-> 

The effect of aapeot (here uaed to mean the direotlon in which a slope 
is facing) on the vegetation ia illustrated by this and plate 00-5. These 
differences are greatest when the slopes are more nearly facing in north 
and south directions, and least in east- or west-facing elopes.(Naturally 
the direction of prevailing moisture bearing winds will Modify or even 
obliterate this effeet.) For example* on the drier southeast faoing 
slopes shown above, foot travel is relatively unobstructed sinoa there is 
a minimum of tree reproduction and bushy nerbaoeous growth. Exactly the 
opposite Is true on the northwest-facing slope. Instead of finding fair- 
ly open stands of "ponderosa" pine (P), the vegetation has become more 
ds.-.sc with oonsiderable douglas fir (D) reproduction mixed with both pine 
and mature fir. If the ground is not oovered by dense stands of young 
sapplings, it is oooupled by a thicket of bushes of "ground chinquapin" 
mixed with mansanlta, which grows under the more mature stands of trees. 

Obviously, the leaat obstructed route of travel would be alons the 
south — faoing alopes shown by the white line numbered (2). In contrast, 
a reoonnalssanee party proposing to travsi unobserved would choose the 
other route (1) which would take longer, oa more difficult, hut offers 
more oover.  These photographs of foreata in Oregon and Colorado (Plate 
OC-5) demonstrate that vegetation growing In similar though widely 
separated hilly or mountainous relatively dry areas, appears similar. 
Examination of photographs of other such areas ahows that this ia a 
valid generalisation for vegetation anywhere in the world. 
D • Douglas Fir; P • "ponderosa" pine.. 
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Trken rflth orange 
the upper on scale of 1/7920, 
the lover on seale of l/58lj.O 
In the drier parts of the 
world outside the trcpiot 
the slopes whieh feee the 
sun here less vegetation th 
the opposite slope end thereT 
fore less concealment, hut 
less obstruction from veget- 
et'on. Travel routes are 
therefore planned to conform 
to this type of vegetation. 
The a filter has greatly 
facilitated the recognition o 
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DEFINITION OR SHORT GLOSSARY 

Because so many Interpreters who vdll use this report, 

will not have had the opportunity of studying botany or geol- 

ogy or climatology, etc.,. it was felt that a list of seme of 

the terms used in this Report might be of occasional use to at 

least some of the Interpreters, if they were defined here. 

Unavoidably, this list is more or less arbitrary as are also 

some of the definitions. However, some of the terms have been 

included here because class work with our previous reports 

showed this to be necessary. 

ARCTIC:  See Map No. 1, Part III at the end of the Introduction. 

In the botanist's concept, this is the circumpolar 

region extending aa far north as there is land net 

permanently covered by snow or ice and as far south 

as the tree line (see below) which roughly corresponds 

to the $0° P. or 10° C. isotherm for July,  See also 

"Arctic Definitions" issued by the Environmental 

Protection Section, Office of the Quartermaster 

General for the Research and Development Board, Lo- 

gistics Division Study.  April 5, 19l|.8,  See also 

Technical Report No. 5 Preface viii. 

"Wet and spongy ground, usually covered with coarse 

grass and often containing peat, etc., and too eoft to 

bear the weight of any heavy body on its surface." 

''An area overgrown with spnagnum or bog moss." 
RESTRICTED 
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ii 

BOG (cont'd): Ecological Society of America, 1933. List P-l. 

BOREAL FOREST: See Map No.l, Part III. Roughly, all the forest 

in the sub-arctic region may be called the boreal 

or circumboreal forest.  Sometimes also defined as 

having "the governing temperatire for the southern 

lirait> for the six hottest weeks of the year a mean 

temperature of 6l±°F.n  J.R. Carpenter: An Ecological 

Glossary. 

CIRCUMBOREAL FOREST: See Boreal Forest preceding. 

CONIFER OR CONIFEROUS TREE OR SHRUB: A tree or shrub whose 

fruit is a cone as understood by a botanist.  In 

the sub-arctic area these are: spruces, firs, pines, 

junipers, white cedars, hemlocks, yew3 and larohes. 

All of the3e have needle- or awl-shaped evergreen 

leaves except the larches whose leaves die and fall 

off at the end of the summer. 

DECIDUOUS: As applied to leaves, means those that die and fall 

off the tree at the end of the summer or some time 

in autumn or winter. Not evergreen. 

EVERGREEN: A3 applied to leaves, means the leaves stay on the 

twigs in a living, green condition at least one 

year, that is from spring to at least the next spring. 

Certain species of spruce and fir retain their 

leaves in a living condition for as long as 2 to 7 

years.  The older the leaves, the darker they become, 
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EVERGREEN (cont'd): mostly by accumulation of dust, soot from 

forest fires* etc. on the resinous or waxen outer 

coat of the leaf. All evergreen trees in the arctic 

and subarctic are conifers. A conslderable number 

of shrubs, mostly heaths, are evergreen, such as the 

arctic rhododendron, Labrador tea (Ledum). etc. 

These are low bushes commonly 1 to 2 feet high. 

FIR:       In England commonly the Scotch fir (Plnus sylvestrls 

L.). This tree la called Scotch PINE in the United 

States where fir means a species of Abies, such as, 

balsam fir, probably the most common Christmas tree 

in the eastern states.  Abies bas cones erect on 

the branches and needles singly disposed on the 

branches, but Pinus has drooping cones and leaves, 

2 or more in a bundle, in the boreal forest. 

GRASSLAND: As defined by Tansley and Chlpp(1926) "Trees and 

shrubs usually absent; herbaceous covering general; 

grasses predominate." See Herbert C. Hanson: Ecolo- 

gy of the Grassland I, Botanical Review lj.: 5l-82. 

1938 and II. <L6: 283-360, 1950. 

HARDWOODS: In the lumber Industry, ell deciduous trees (aspen, 

birch, sugar-maple, etc.) in contrast to coniferous 

trees (spruoe, fir, pine, etc.) 

HEATH OR HEATH3R: A community of plants, mostly shrubs with a 

considerable percentage of heaths (Ericaceae) such 
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HEATH OR HEATHER (cont'd): as blueberries, cranberries, rhod- 

odendron, avctic rhododendron, Labrador tea (Ledum), 

etc. usually on relatively coarse-grained, sandy 

soil with dark humus layers, generally with a layer 

of peat. 

HUMMOCK (HAMrtOCK is a variant?): A large mound in a swamp or 

bog; a large tussock. 

INDICATOR OR INDEX PLuNTi Any plant considered as an indicator 

cf the environment, i.e. the soil and subsoil, the 

local climate, competition with other plants, etc. 

See our Technical Report No.l, Part IV, page 1. 

MARSH:     An essentially treeless plant society grcwing where 

the water table is at or slightly above the surface 

of the land.  Shrubs may or may not be present; 

sedges are almost invariably present.  Familiar 

examples of marshes are: cattail marsh, salt marsh, 

cranberry bog, peat or sphagnum bog, etc. 

MUSKEG:    "An Algonquian word meaning a wet and/or muddy 

place." Dr. James Geary.  Dachnowski-Stokes: "A 

plant community associated with peat." Havll^nd: 

"Moss bogs of the Canadian forest." 11926) 

("NIGGERHEADS"):  See Tussocks. 

iPHGTO-DETERxiINiiTION):     See  Photo-recognition. 

(PHOTO-IDENTIFICATION):  See Photo-recognition. 

f 
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PiiQTO-INTERPRETATION: "Identification or recognition cf objects 

on photography is best called "photo-identification" 

or "photo-*reoognition." "Photo-reading" sometimes 

used in this sense is much more apt to lead to con- 

fusion.  "Reading" connotes the apprehension of 

ideas expressed in some arbitrary man-made code or 

alphabet. Recognition or identification of phys- 

ical objects connotes direct apprehension of the 

object without the intermediary of arbitrary sym- 

bols, alphabets or languages.  In the interests of 

international understanding I recommend that the 

term "photo-reading" be discarded in favor of 

"Photo-identification" or "Photo-recognition." 

Hugh T.O'Neill, at the Seventh Congress of the In- 

ternational 8oclety of Photogramraetry, Sept, 1952, 

(PHOTO-READING): See Photo-recognition. 

PHOTO-RECOGNITION: The identification or recognition of an 

object on a photograph considered without regard 

to what it indicates as to its environment. 

ROCK: Throughout this report, rock is used in the sense common- 

ly understood by everyone except geologists, viz, 

what geologists call consolidated rock.  The term 

rock, in its popular acceptation, embraces only the 

solid parts of the globe; but in geological language, 

it includes also the loose materials, the soils, 
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ROCK (continued)t  clays,   and gravels*-that cover the solid 

parts. 

SEEPAGE: (Or seep) a small spring; a place out of which oozes 

water.  In England, a flush. 

SHRUB: A BUSH.  A plant with a woody stem, generally with a 

cluster of such stems, lower than a tree, sometimes 

defined as net more than twice the height of a man. 

SOFTWOODS: In the lumber industry, all ccne^bearing (coniferous) 

trees, i.e. spruce, fir, pine, etc., in distinction 

to deciduous trees (aspen, birch, sugar-maple, etc.) 

regardless of whether their wood is hard (birch) or 

soft (aspen). 

SUBARCTIC: While there is a fair amount of consensus of opinion 

as to the approximate limits of the natural  Arctic 

region, there is much less agreement as to how to 

delimit the subarctic region.  Until further studies 

are available none of the available maps have been 

adopted.  In general, the subarctic region may be 

said to correspond to the circumpolar or boreal 

forest, that is, a zone extending from the southern 

boundary of the Arctic zone to the southern boundary 
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SUBARCTIC (continued): of the spruce forest, at least in north- 

eastern U.S. With further study it is hoped that a 

more practioal southern boundary for the subarctic 

zone can be outlined from the standpoint of the 

photo-interpreter• 

SUPERPOSABLE MAPS: Maps of the same style of projection and 

drawn to the same scale so that when placed (super- 

posed) one on top of the other, they will coincide 

at all points. When a line 

ia drawn on one of these maps to represent a fact- 

tor of the environment (e.g. an isotherm) and on a 

second of these maps there is drawn a line represent- 

ing another factor of the environment (e.g. the tree 

line), the coincidence or non-coinuidence of the 

two lines can be seen and therefore the correlation 

or non-correlation of the two factors when these 

maps are superposed over a source of bright light, 

i.e. a light table.  In the above example the 10° C 

or 50° F Isotherm for July corresponds to the tree 

line      indicating that trees require an aver- 

age summer temperature of $0° F or higher. 

SWAMP: A society of trees growing where the water table is at 

or slightly higher than the surface of the land. 
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SWAMP (continued)i Shrubs may or may not be present but by far 

the dominant vegetation is trees. Familiar examples 

are: Tamarack or larch bog, black spruce beg or 

swamp, white cedar swamp, etc.  In everyday English 

we speak of a cypress swamp (not marsh) and a cat- 

tail marsh (not swamp). 

TAIGA; A Russian term adopted into the English language common- 

ly and loosely used to mean the vegetation and even 

the area between the steppes «n^ tundra of Russia, 

occasionally to mean the cooler oircumboreal forest 

or the spruce forest in Canada and Alaska. 

TALUS: "The sloping mass of fallen fragments collected at the 

base of a cliff"; a scree. 

TERRAIN: "A region considered in relation to its fitness for 

some purpose; an- extent of ground or territory". 

V'REEl A plant with a woody stem persisting in a living condit- 

ion above the ground, becoming more than twice the 

height of a man and commonly with only one main or 

very few stems or trunks.  Taller than a shrub or 

bush and with fewer trunks. 

1 

1 

i 
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Definitions 

TREE LINE: See Map No. 1, Part III where the tree line is 

shown as the boundary between the Arctic and the 

- 3ubarctlo Regions. As narked on the map, this Is 

trs July Isotherm of 10* C or 50° P, that is, this 

line connects places where tfcle is the average tern* 

perature for the warment month of the year* In gen- 

eral there are no trees growing naturally in this 

region except in a few very sheltered small localit- 

ies, such as south-facing coves or valleys, e.g. A. 

Dutilly found a colony of willows t  to 5 feat tall 

on Banks Island more than 300 miles north of the Arc- 

tic Circle* Cottonwood trees are reported growing 

north of the Brooks Range in Alaska. But in a gonaral 

way and for purposes of photo-interpretation the reg- 

ion north of this isotherm can be regarded as treeless. 

i 
TUNDRA: A Russian word adopted into English ,U80£0..   The tree- 

less region of the arctic with low vegetation over- 

lying permanently frozen ground that thaws shallowly 

in the summer to a depth of a few Inches to a foot or 

two. 

TUSSOCKS: The email mounds in marshes, tundras or less commonly 

.in awamps. Tufts of sedges or grasses or rushesjiooally 

"Niggerhea^ds". 
WATER TABLE; "The level of saturation of soil by ground water", 
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Aide in Reeding Russian Haps and Russian Titles of Boole. 

Tranaliterating the Russian Into the Roman Alphabet. 

B 

Russian 
(Cyrillic) 
Letters 

Trans- 
liter- 
ation 

Approximate 
Pronunciation Russian 

Trans- 
liter- 
ation 

Approximate 
Pronunciation 

A a A a harm ? P P. r rat 
E 6 B b bed C c S a sat 
B 8 V v vat T T T t tire 
r r o g garb y 7 V u dune 
A  A D d day * 4> P f fat 
S 3 E e, le Zell X x Kh kh German ich 
s s 

3 a 

M H 

Zh 2h 

Z z 

azore, 
"French "j" 

jseal 

u n Ts ts 

Ch ch 

mats 

cheap 
I i machine 01 m Sh sh ship 

M It I 1 toil m m Shch shch fresh cheese 
K K K k king U   H *y silly_ 
Ji JI L 1 long :> soft sound 
M ic M m man 3 9 E e ebb 
H B 

0\ 

N n nut D » Yu yu yule 
0 o 0 o Dor© H « Ya ya yard 
n n P p £alm 

I 

1 

i 
i • 

e 
I 
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Aids in Reading Russian Map* 

PRACTICE 3HEET 

• 

The Advantage of Transliterating Ruaaian into Our Alphabet con 

be seen from th6 following List of Ruasian Words of Foreign Ori- 

gin. The student can write under the columns his translitera- 

tions. On the next pege he will find the corresponding correct 

transliterations and translations* 

RUSSIAN Transli- Transla- RUSSIAN Transli-   Transla- 
WORD   teration  tion    170RD   teration    tion 

AAPEC 

AMEPHKA 

AHOfl 

AIHIAPAT 

AC0ECT 

ATOM 

BP0H3A 

4E*EKT 

flOKTOP 

A0J1M? 

3**EKT 

KAIIHTAH 

KAHAJI 

K0*E 

KOMEW 

KPHCTAJW 

MB 

Kypc 

MAIiiHHA 

METAJW 

MATEPHAJI 

ME4HUHHA 

METP 

VHHyTA 

MOTOP 

HEPfc 

HAPK 

•H3HKA 

PAJWO 

WkJlk 

cyn 

TEATP 

HEKEHT 

UBHTP 

BAKUMHA 

BETEPAH 

XHPA* 

KOPJK 
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PRACTICE SHEET 

F 

• 

The Advantage 6f Transliterating Russian into Our Alphabet can 

be seen from the following List of Russian Words of Foreign Ori- 

gin. The student can write under the columns his translitera- 

tions. On the next page he will find the corresponding correct 

transliterations and translations. 

RUSSIAN 
WORD 

Transli- 
teration 

Transla- 
tion 

RUSSIAI; 
WORD 

Transli- 
teration 

Transla- 
tion 

AflPBC adries address KETAAJ! raletall metal 

AMEPHKA amierika America MATEPHAJImat ferial material 

AH04 anod anode tiEAHliHRAmie dl t s ina medicine 

AiMAPAT apparat apparatus METP mietr meter 

ACBECT asblest asbestos ft.HHYTA minuta minute 

ATOM atom atom MOTOP motor motor 

BP0H3A bronze bronze HEPB nierv nerve 

£E*EKT diefleet defect nAPK park park 

40KT0P doktor doctor •H3HKA fisika physics           [ 

40JL/IAP dollar dollar PAflHO radio radio 

3**EKT effleet effeot WKAJH shkala scale 

KAIIHTAH kepitan captain cyn sup SOUp                    !. 
| 

KAHAJI 
kanal canal TEATP tfeatr theatre           ; 

KO*E. 
koffe coffee UEMEHT tslemlent 

I 
cement            ' 

KOJUIEJJM kollieg college IIBHTP tsientr center 

KPHCTAJW 
krlstall crystal BAKIIHHA vaktslna vaccine 

KHB kub cube BETEPAK vietieran veteran 

K7PC 
kurs course JKHPA* zhiraf giraffe 

MAIUHHA 
maahina •M chine 

*npm 
zhorsh 

• 
George 
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PRACTICE QUESTIONS BASED OH SERIES 0? PLATES M-l 
TO M-30 OF TECHNICAL REPORT 6, PART III 

(See following sheets Tor answers) 

BY RICHARD A.  SHAMP 

Plate M-l 

1. Would it be practical to follow the stream at point QQ 
en the right hand side of aerial shots? 

2. xn climbing the slope on the left side of photo, would 
it be best to follow the ravines or the sections between the 
ravines? 

3. Would the area between S-8 in the middle of the picture 
be a good route of travel? • 

5 

Plate M - 2 

1|.  Would the talus slopes at (t) impede travel? 

5. Does the willow and birch with the scattered black 
spruce indicate a good route of travel? Would it be best to 
push through it or attempt to circumvent the area? 

3 
I 

• 

Plate K - 3 

6. Which would be the best route of travel in the left 
photo of the stereo pair:  (1) the gravel bed of the stream 
valley,  (2) the willow thicket along the bank, or (3) the steep 
slope covered with reindeer moss? State advantages and disad- 
vantages of each. 

7. What type of soil drainage is indicated by the tall 
growth of white spruce and aspens? 

Plate M - k 

8. What is the procedure you should follow in crossing 
rapid glacier streams? 

9. Does tha light tone in the upper right hand corner of 
the photo indicate snow? 

I 
i 

!i a 
I 
i 

I 
i 
I 

RESTRICTED 
Security    Information 



# 

Teeh, Rep. 6 
**#* I 

Hate K - 5 

RESTRICTED 
Seourity   Information 

Questions-Answers 
M- aeries page 2 

10. Whet eve the scattered dark patches in the lower right 
hand corner of photo ($6-2)1 

IX. would it bo less treacherous to follow one of the 
snow-filled passes or attempt to follow the well defined ridge 
lines in photo (56-2)? 

• 12. What is the best procedure in (a) climbing a talus 
slope, (b) descending a talus slope? 

13. What indications are there that a talus slope is 
besoming stabilized? 

Plate M - 6 

14. What difficulties are encountered when traveling 
above the tree-line? 

15. What advantages are there in the absence of vegetation? 

Hate M - 7 

16. What causes the deltas to be fan-shaped in the aerial 
photographs? 

17. What would cause different vegetation to grow on the 
deltas than in the surrounding areas? 

Plate M - 8 

id. The light streaks up the far slope of the lake are 
indicative of what? 

* 

Plate M - 9 

19. Why should erosion be so predominant when it is absent 
in adjacent areas in the lower left hand corner of the aerial 
shots at X? 

20, What conditions are you likely to find in the dark 
s&tsiz  of the lower right hand corner of the aerial shots? 

1 . 

Plate M - 10 

21* What causes the dark streak at e-e? 
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22. Would the ripple-like marks at a-a offer any hazards? 

23, What la the best tins* of year to traverse a glacier? 

Plate N - 11 

t%.    Is the glacier shown in these photos advancing or 
receding? 

25. What causes the light color of the rocks in photo 10-2? 

Plate M - 12 

26. What is the source of the stream in photo (75>-6>? 

• 

Plate M - 13 

27. The willow growth on the stream bank in photo (67-3) 
would indicate what time of the year? 

26. Would igneous rocks be likely to erode in the manner 
of the waterfall depression on photo (7?-9)? 

Plate M-Uj. 

29* Would the snow bridge be safe to cross in photo 75*0? 

30. How are such bridges formed? 

i 
Plate M - 1$ 

31. Why does the stream in the aerial shots follow such a 
straight course? 

32. What ore you able to surmise about the consistency of 
the soil in the middle of the aerial shots and the lower half 
of the pictures? 

33. How is the soil consistency indicated by the course 
of the stream? 

34* How is the soil consistency indicated by the tone of 
the vegetation? 

(10-9) 
35= What type of soil is indicated by the growth in photo 
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1 
Plate M - 16 1 

Plate M - 19 

f$ 41. Why do some of the trees at, (B) in the photo (84-8) 
appear to be dead? 

42. What is the cause of the change of vegetation at (E-E) 
in photo (84-9)? 

_ T n 
OJLWUC 

44» What causes the lack of vegetation and the light tone 
at the lower left corner of photo 84-9? 

plof-o M _ 51 - „k«*W«*   *i  —   4-.L- 

45. What causes the dead trees on the left side of photo 
115-1 and the apparent, obsence of spruce trees in the Kiddle of 
the photo? 

46. Why hasn't the willow growth invaded th«» sand bars 
along the river near the center of the aerial photos? 

Plate M - 22 

47. What causes the light str&aks at (13-3)? 

/. ^A5*. ffa? *ype of T»S«*»tion is located in the area of 
(4-5) and (4-J-u)? 

RESTRICTED 
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36. What are the dangers of crossing glacier streams in 
the manner of photo 8-4? By method in photo 75-7? 

Plate U  - 17 

37• 'mat causes the variation of vegetation in photo 7-lS 
the grasses in the front, then the aspens and willows, and then 
the white spruce? 

Plate M - 18 

38. Why is the water in the arrow-shaped pond in the center 
of the aerial photos and that in the stream different in tone? 

39« Is the light tone at (2) on the aerial photos d^e to 
snow? 

40. Why is there an absence of vegetation at (2-2) in the 
aerial photographs? 

• : 

43. Would this be a good area to ascend or descend the 
M 
! 
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Plats H - 23 

49. What is the advantage of photo (ld6-3) over photo 
(4-2)? 

Plate M - 2k 

50. Why is the route at (x) in photo (4-1) apparently 
clear of scrub brush? 

51. What has caused the trees to die in photos (13-3) end 
(13-4)? 

52. What would be the difference in soil conditions in 
photos (13-4) and (4-1)? 

53» Why is there no scrub birch in the foreground of 
photo (4-10)? 

Plate M - 25 

54>  Has the valley illustrated in photo (B-2) been 
glaciatsd? 

55* What type soil would you be likely to find at the 
crow-foot delta where the stream enters the lake on the aerial 
shots? 

56. What causes the light tone between (o-o) of the 
aerial shots? 

57. What soil conditions have caused the extremely large 
spruce growth in photo (D-l)? 

Plate M - 26 

58• Explain the formation of the moraine as shown in 
photo (9-1). 

Plate M - 27 

59. Why would it bo better to walk on the moraine than 
on the surrounding glaciers? 

Plate M - 28 

60. What type of game would use a trail as shown in (Z-Z) 
of th« serial photographs? 

i 
61. What are the advantages or following game trails? 
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62 Where will you find large rocks aa shown in photo 
(8-3)t 

63 What dangera ore there in following snov-filled 
valleys aa ahown in photo (9-3)? 

Additional Queationa 

by 

Hugh O'Neill 

61} Would a lighter print of the negative of M-10 show more 
detail of the steep rook wall* of the deep depression in the 
middle of the right member of the stereo pair? 

65 Would the detaila of the surface of the glacier, such as 
a crevasse, show more plainly on a lighter print? 

66 The leaves of scrub-birch (E on PI, M-13) turn red after 
the first killing frost in September, while the leaves of the 
willow bushes (indicating wetter terrain) turn yellow. For dif« 
frentiating these types of vegetation and the different terrains 
they indicate, would color or infra-red or panchromatic film be 
best? 

9 
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ANSWERS TO QUESTIONS ON PART III 
OP TECHNICAL REPORT #6 
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! 
• 
f •. 

t 

# 

1. No; it flows through a deep canyon at this point, 

2. The sections between the ravines. The ravines are filled 
with tangled thickets of willows and alders* 

3. This area consists of willow thickets interspersed with 
scrub birch. Therefore, it is a very poor route of travel unless 
a game trail can be found passing through it. 

[•.„ Steep telya slopes are a hindrance to climbing slopes, 
but if the rocks are not large, they do not hinder a descent, 

f?. The black spruce indicates a fair route of travel, but 
seldom is it found with such thick growths of willow and birch. 
If possible, it would be best to circumvent this area. 

6. (1) If the stream is not in flood stage, the gravel bed 
is an excellent route of travel. However, the braided streams re= 
quire frequent wading. 

(2) Willow thickets of this height usually are crossed 
by game trails; however, if they aren't, they are almost impossi- 
ble to traverse. 

(3) Although there is no vegetation on this slope, the 
rock outcrops mako the footing difficult. Also, the reindeer 
moss is very slippery when wet. 

7. Rich, well-drained soil. 

6. All possible precautions should be followed.  The use of 
ropes, downed trees and any other means available should be utilised. 

9.  Ho. This is reindeer moss. 

10. Scattered plots of grasses, showing that the talus slope 
is becoming stabilized, 

11. If the snow is crusted and does not break through, it is 
by far the easiest route of travel. However, if it is soft, it 
is best to follow the ridge lines despite the steeper climb. 

12. Ascend the slope at a very slight angle to prevent slides. 
If' the rocks are not too large, it is possible to descend the 
slopes almost vertically by keeping ahead of the slide. 
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13*    The •mall patches of grass. 

Uj..    Usually steeper slopes and talus slides are encountered; 
also,  snow fields are at tines difficult to traverse.     It is diffi- 
cult to find firewood above the tree line. 

15. The absence of trees and undergrowth makes walking easier. 
There are usually fever insecta above tree line, 

16. The sediment-laden streams slow down as they enter the 
lake and drop th^ir load in the patterns as indicated by the fan 
shaped deltas. 

17. The difference in drainage and composition of the soil of 
the  tvio areas  cause? different types of vegetation, 

18. Rock and soil slides have destroyed the spruce growth,and 
willow and alder thickets now £«ow there.    This type of growth is 
also indicative of near surface drainage or seepages. 

19. Fire has destroyed the forest in thin area,  thus exposing 
the soil to rapid erosion. 

20. Upland swamps. Black spruce,  tamarack and muskeg. 

21. This is ft medial moraine* 

22. They are crevasses  and should be avoided. 
* 

23. In the late summer or fall when the non-compacted snow has 
melted off the glacier and the crevasses are exposed, 

24. It is receding. The rocks in the foreground were deposited 
by the glacier when it previously covered this area, 

25. The rocks are covered with lichens and reindeer moss. 

26. It is flowing from beneath the moraine deposit in the 
foreground of the picture. 

27. The trees are still in bud, indicating that it is the 
spring of the year. 

?6, No. The rocks have been dissolved, thus causing the 
depression. This would not occur if these rocks were of igneous 
laracter. 

29. Yes. Care should be taken, but usually they easily support 
the weight of a man. 
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30. The slides which occur, carry rooks and trees with then 
and completely cover the streams. 

31. It is following a fault pattern. 

32. The soil in the middle of the picture is alluvial and 
less compact (note the braiding effect), while in the lower part 
of the picture, the stream bed is cut into solid rock (no neander- 
ing or braiding). 

33• When the soil is unconsolidated or easily transported, 
the stream can meander and braid with ease, while it la cosf ined 
to its course when it cuts through solid rock. 

3k*    Willows and alders will grow readily in moist alluvial 
soil while the solid rock supports only reindeer moss as indicated 
by the light tone, 

35»  Shis is a willow thicket growing in the braided flection 
of the valley. This is moist, alluvial soil. 

36,  (a) A tree in this position ia usually rotten and may 
break easily; also it is very easy to trip and fall on ens of the 
branches. 

(b) This type of stream is very rapid and its force may 
easily upset you.  The rocks are very slippery and often will 
throw you off balance. 

37•  The support of different types of vegetation by different 
types of soil is very apparent here. Drainage also controls the 
vegetation types somewhat, 

30. The water in the stream is milky due to the glacial 
flour in the water. The water in the pond is perfectly clear, 

39.  Ho.  It is a light-colored rock out-crop. 

1|0. There is little soil on this rock out-crop; therefore, 
it does not support vegetation, 

41,  The area has been flooded causing the trees to die. 

i+2.  This is a slide area and an area of close surface 
drainage, thus supporting the willow and birch growth, 

I 
I4.3.  No,  It would be difficult due to the -.angled growth. 

It would be much better to ascend in the region of the spruce 
growth, 
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44» Thi* i» the rock outcrop described in question #40. 
there is no soil to support vegetation* 

45« This area has recently been burned over* The dead trees 
in the left of this photo and the absence of spruce trees ere a 
result of this*. 

46. The aerial shots were taken during low water. The sand 
bars exposed are covered by the river most of the year. 

47 • Alluvial deposits along small streams; gravel and s^nd. 

48* Caribou moss and lichens. 

49. It is easier to see detail in the distance, due to the 
absence of haze.  Infra-red gives different tones to vegetation 
asking it easier to identify. 

50. This is a game trail* 

51. The spruce trees have been killed by the formation of 
swamps in the area; the growth of willow and tamarack Increases in 
this type of terrain. 

52. The terrain in photo (4-1) is gravelly and well drained, 
while in photo (13-4) it is swampy, muskeg terrain. 

53•  This area is above the tree and bush line. The only 
types of vegetation are lichens and mosses. 

54« Ho. Glaciated valleys are U-shaped. This valley is V- 
shaped. 

>5. Mud and fine silt. Difficult to traverse. 

56. This is the former course of the stream. It was changed 
as a result of beaver damming. 

57. Rich soil with good drainage. 

56.  Tills moraine is formed between the two glaciers as shown 
in the aerial photos.  It is composed of rocks ground off fro* 
either side of the mountain it mirrounds, 

59* There are numerous snow-covered crevasses at the tongues 
of these glaciers, thereby making it more desirable to follow the 
moraine. 
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60. Moose, caribou, bears, wolves and smaller animals, 

61. Although they wind at tines, more than necessary, these 
trails always follow the easiest natural routes. It is lot neces- 
sary to push through bush or windfalls, 

62. At the base of steep slopes, 

63» The danger of falling through into the rushing stream 
flowing underneath the snow, 

6I4.. Yes. 

65. No, Such details on the light snow-ice background 
would show up better on a darker print, 

66. Obviously color would be very much better than either 
of the other kinds of photography. 

« 

i 
I 
! 

I 

i I 
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PRACTICE QUESTIONS BASED ON SERIES GP PLATES I-XXVI 
OP TECHNICAL REPORT 6, PART III 

by 
ARTHEME DUTILLY AND VINCENT WALDRON 

(See following sheets for answers.) 

Plate I: 

1. Is the system of rivers   on the small-scale photograph 

a delta or a junction of rivers? 

2. Can you prove that the direction of the arrow is really 

the direction in which the river flows?  On 6005? 6006? 

3. Could the islands appearing on these three photographs 

be presumed to be of alluvial material? 

l±0   Is there any evidence that the shores are of rock or 

of clay? 

5. What do you infer from the distance of the buildings 

to the water line? 

6. On what evidence can you decide that the land extending 

back some distance from the banks of the river has better drain- 

age than further to the rear? 

7. How can ycu determine which is south shore and which is 

the north on the air photogrcph? 

8. Can any probability be found on the air photograph to 

indicate that the high water and the floating ice of the spring 

flood are more destructive, and the current stronger than at other 

times of the year? 

i 

I 

3 

\ 

i 
4 

i 
; 

•1 
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I rent from what is shown on 6007? 

11. What kind of tree is easier to identify on an oblique 

than on a vertical photograph? 

Plate IV: 

12. Is there any evidence of sliding on^6031 ) the bank ? 
K 

13. The zone of marsh on 6012 is easily recognizable on 

gf the air photograph of Plate I.  Can you locate it? 
m 

II4.. Can you determine the direction of the wind from the 

waves on 6029? 

Plate VI: 

15. What evidence on 6OI4.8 helps to identify Q as quaking 

asp? 

16. How do you know that the trees marked W are white spruce 

and not quaking asp? 

Plate IX: 

17. How do you know that the areas marked P are not black 

rock or black soil? 

! 
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9. There are light-and dark-toned areas on T 143L-36 and. 

on 6005. Which photograph shows cloud shadows and which shows 

vegetation tones? 

Plate II: 
I 

10. Is It possible to determine the direction of the cur- 
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Plate XIV 

18. Does the evenness of the white band on the banks of 

the river indioate sand or rook? 

Plate XVIII 

19, What effect would leaver dooming have on the surround- 

ing vegetation. 

! 

s 
i 

I 

OTSTIONS ON PIATE3 IN PART I 

Plate I 

20. Which of the photographs is infra-red? 

21. How is the marsh delimited in the top stereo pair? 

Plate II 

22. How is the direction of the wind indicated by these 

photographs? 

Plate III 

23. How are the types of soil and the water table indi- 

cated on the photos? 

Plate v 

24. How could you tell that the channel in the upper stereo 
-• 

nair ia not a path trampled by man? 

I 
I 
i 
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ANSWERS 

"V 

**?'' 

1.    A junction. 

w.  By the way the tribularies come together, 

3. Yea* from the fact they are in the river and from the 

regularity of their "tear-shape". 

i|..  The smooth shore liney wj t .out —ix.v abrupt changsa of 

direction, otc. 

5. That ti.e spring floods rise high enough to make it neces- 

sary to place the buildings at this distance to avoid inund- 

ation. 

6. The zone nearer the shore from its darker tone is wooded, 

the light-toned zone still farther away is a marsh, i.e, 

treeless;hence the zone nearer the bank is less water-logged. 

7. On the average the south facing shore is much drier, has 

less vegetative cover and shows considerably more white or 

very light-toned banks. 

8. These summer photographs show evidence of much high water- 

levels. 

9. On the first the differently-toned areas roughly parallel 

the river banks and the drainage pattern but on 6005 the light 

and dark areas are independent of the features on the land- 

scape. 
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10. Jfes, the driftwood points down stream. 

11. Any kind of a tree. 

12. Yes a large erosion scar especially since the trees stop 

abruptly at the rim of the erosion scar. 

13. The light-toned area indicates the marsh. 

14. The wind is coming from the left. 

15. The practically white bark. 

16. By the regular conical shape of the crown outlined against 

the sky. 

17. Under magnification or under stereoscope, the texture 

shov/s that it is a forest. 

18. Rock. Sand would show a band of varying width. 

19. It raises the water level and causes the surrounding 

vegetation to die from water logging. 

iiO. Top stereo pair. 

21. By the boundary of the forest which has coarse texture in 

contrast to the smooth texture of the marsh. 

22. The shortness of the branches on one side of the tree indi- 

cates the direction from which the wind came. 

23. By the definite zones of vegetation, indicated oy its 

height and texture. 

El. Because all the cattails on either side of the channel aro 

erect. 

j 

\ 
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NOTE: Each iten is Immediately followed by a Roman I, II, III 
or IV which indicates in which PART the item occurs. This 
may be followed by "PI." which indicates plate or by an 
Arabic numeral which indicates in which section of the 
respective PART, the item occurs. A small p indicates 
page number. 

Alaskan spruce-birch forest* III sect. 1; 

Albany River: III, PI. I to VIII 

Alders: I PI. Ill, NY-2; OC-3; III PI. VII, XIX, XXIII; Low- 
land brush, IV PI. W-26; water-table indicator, III, 
M-2.  See* Ssepage. 

ft ARCTIC BEACHES. Landing Conditions on: III PI. XXVIII, XXX, 
" XXXV to XLV 

"   Vegetation, southern limits: III, Introd. p. 3, Map 1 

"   and Subarctic Vegetation: Part III 

Ash (Fraxinus nigra) fswamp hardwood]: IV, y-7 

^pen: I, PI. VII, VIII; IV. 6; IV. PI. W-l, W-2; associates 
with beaver dam, III PI. XVIII; invades after a fire, 
IV, y-7, y-8, y-16; quaking, III Pi. I, II, III, vi, 
IX, XI, XIII, XV, XIX; subarctic lowlands, III PI. X; 
vegetation after forest fire, III, PI. A-2. 
See: Obstacle to tanks. 

Attavaplskat River: III.. PI. XX, XXII, XXIII, XXIV, XXV, XXVI 
I 

Autumn foliage: See Color Photography I; also IV, PI. D-3, D-7 

Balsam Pir, characteristics, indicator: IV, p. 6; Pi. W-19, 
W-21,  See: Cedar. 

3anks: in embayments or drowned rivers, II. 

n  : Chesapeake II 
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Banks: dry, in subarctic lowlands, III 

Beaches: I, Snowfall Ser, PI, III 

BEACHES, ARCTIC: III, Plates XXVIII, XXX, XXXV to XLV 

Beaver-dam: 1, PI. VIII; III, PI. XVIII, XIX 

Beech: IV, y-l£ 

Beetle, bark, browning caused by: I, PI. T-l 

Black spruce: associated with tamarack, good illustration, IV, 
PI. W-23; subarctic lowland, III, PI. 1^ See: Boor, Larch, 

ft Moss, Muskeg, Spruce, Terrain wet, donation. 

f 

21 

U 

! 

s 

1 
i 
i 

Birch: shrubby, I, PI. Ill, VII, VIII; covered slopes Arctic 
and Subarctic Mts, III, PI. rf-!*, 19, 2ki  whita, III, PI. 
XXVI, IV, p. 6; PI. VJ-3, kl  white, terrain, 17, y-13; 
yellow, IV, PI. P-8; yellow, related to topography, IV, 
y-l5, lb. 

I 

$ 

! Bog: Black spruce, IV, PI. Vf-7; Subarctic lowlands, III, p. 1; 
role for interpreting peat bogs, III Peat-pige 1; quaking, 
IV, W-22. See: Sphagnum, Spruce, Water-table. 

* 
Boom: I, PI. VII 

Boreal: (coniferous) forest, southern limits, IV, y-5, C-l 

Botanical Names: English names & symbols, II, sect. 5 p. 3 

BROWNING of leaves, military significance, I, PI. T-l, 2, 3, I4. 

Burnt: I, PI. OC-1, 2, 3; vegetation invaders of, III, PI. Ill, 
M-21.  See: Gray birch. 

1 -. 
3rush Lowlend: IV, p. 6, PI. W-26 

Bushes: I, PI. Ill, Snowfall Ser. PI. V, OC-I4. 

Cat-tail: marshes, I, PI. V; Snowfall 3er. pp. 1, 2, PI. 1; 
indicates mud bottom, IV, PI. P-10; lowland shores zon- 
ation position, II, sect. 5, p. 2 

* 

Cedar: IV. p. 6; III, PI. X, XT; XT*. PI. Peat-3; characteris- 
tics, indicator, IV, p. 6, PI. W-2I4.; white, associated 
with swamp hardwoods and balsam fir, IV, PI. VJ-21; white, 
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Cedar (cont'd): confused with tamarack, IV, PI. W-22. 
See: Swamp 

• 

Channels? T; Pi; $ 

Chemical composition of soil: effects of differences on veget- 
ation, II, pp. 7# 13-114..  See: Serpentine, Vegetation 

Chesapeake Bay shores: II. 
CLIMATE: Indicated by vegetation, I, PI. II 
Cold temperate forest: southern limit, IV, P-l, -10 

1 

i 
t! 
L5. 

Color change:  See: Foliage 

Colo" Photography: I \ 
» i 

Color Transparencies: I 

Concealment: I, sect. I4., p. 3; in scrub oak, IV, PI. P-5 

IC      Coniferous trees: (softwoods) and related terrain; IV, y-2, 
PI. W-22 

Cord-grass: I, Snowfall Ser. pp. 1-2 
n        n     : Inland shores zonation, II, sect. 5>, p. 2 

Cord wood: I, PI. VII 

COTTON GRASS, indicator: III, PI. XXXIV.  See: Tractor tracks 

Cottonwood: I, PI. Ill; III, PI. II, XIV, XV, A-3, A-5, A-6; 
associated with white spruce, III, PI. XVI; Subarctic 
lovland, well drained, III, PI. 1; as an indicator, IV, 
PI. c-2, -3 

OOVKS: IV, PI. W-3; mv.d bottom and inland shores, II, ?1. VI; 
subarctic, III, ?1. XVII.  See: Keys, Zonation 

I 
Crowns: asymmetric, I, PI. II 

i 
Cypress: swamp wet terrain, II, PI, VIII 

Dead pines:   (brown)   I,   PI.   NY-2,   T-2,   -3 
•v 

.-» Deciduous  trees:  IV,   C-l 
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Deciduous woods:  I,   Snowfall Ser.   PI.   Ill,   IV 

DEFINITIONS:   I 

Delta: mud,   III,   PI.  XXII,   XXIII 

Douglas  fir:  I,   PI.   OC-3,   -b 

Drainage: See: Hard pan, Lowlands 

Drown river: Definition examples, II, Intrort. 2, I4., 7; Summary, 
2 

Dry terrain: scrub oak, IV, P-l 

Elm (Ulmus americana): swamp hardwood, IV, y-7 

Embayment8: II 

(*»     Esker;{in Maine}, I, PI. I, VII, VIII; IV, y-3, -12, 13 

Farming Site: I, PI. Ill 

FILM, EFFECT OF: I, PI. NY-1, -2, T-l, -2, -3, -I*,* and all 
other plates. 

FILTERS: I, PI. NY-1, -2, T-l, -2, -3, -I4.; Snowfall Ser. PI. I, 
IV, OC-5 

Fir: I, PI. VI, T-2, OC-2, -3, -5.  See: Balsam fir, Douglas 
fir, Road consti xction 

Foliage: color change and identification, IV, D-l, D-2 

Forest fire: change after, III, PI. A-3; IV, PI. W-l; IV, y-2, 
-7, -6, -16.  See: Aspen 

Forent planting: I, PI. NY-2 

Forest type: topography patterns, IV, y-10 

Glacial Deposits: Vegetation on, IV, y-3, -lj; and related ter- 
rain, IV, y-17 

Glacial lakes, elongated; II, Intord. 7 
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Gravel deposits: I, PI. I, VIII 

Gravel pit: I, PI. VII, VIII 

-»     Gravel surface: I, Snowfall Ser, PI. Ill 
1    0 o Gray birch: invader after a fire, IV, y-7, -8 

Grazing land: I, PI. OC-3 

Green pines contrast with dead brown pines: I, PI. T-l, -2, -3 

Gum tree: I, PI. T-l, -3 

Hard pan: III, PI. Ill; effect on water-table, II, Introd. 9, 
10; poor drainage, IV, y-10 

Hardwood, forest: I, PI. VIII, T-l}.; IV, y-6; northern, IV, 6; 
y-2, W-5>, -6, -7; swamp, IV, y-7; characteristics, in- 
dicator, IV, 6f PI. W—9.  See: Cedar, Elm, Swamp 

* Haze, effect o^: I, PI. T-2 
i 

Heath: I, PI. II; subarctic, III, PI. XXVIt XXIX, XXXI, XXXVIII, 
XL.  See: terrain Conditions, Zonatlon 

Hemlock: IV, 6, y-13; bog, IV, PI. P-6; characteristics, indic- 
ator, IV, PI. W-18; confused with Norway Fine, IV, ?i# 
W-llj.; extent of range, IV, y-6; indicator of terrain, IV, 
PI, L-I4., «6, W-l3; sap, great contrast in autumn foliage, 

<2 IV, PI. D-3,-l|; spruce IV, PI. P-7. See: Northern Hard- 
woods, Obstructive to foot, Seepage, Travel. 
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Glacial till: I, PI. VIII 

(GLOSSARY): See:Definitions I 
1 

Goggles: I, PI. T-2 

Grass: arctic, common. III, PI. XXI 

Grasses (marsh): I, Pi. Ill; and sedges: Spruce-birch forest 
Alaska, III, sect. 1+, PI. XXIV 

Grasses Trails: III, sect. 5, PI. M-28 

Grassland and mixed Pine forest: IV, C-l 
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1 
Identification, individual trees: II, Summary 2 

ILLUMINATION. NON-GLARE, adjustable, O'Neill-Nagel: I 

Indicator Plant Tables: IV, 5, 6, 7. See: Cedar, Hemlock, Oak, 
Pines, Salt myrtle, Sumac, Tables, Tamarack. Vegetation, 
Water-lilies 

» 
Inland shore, interpretation: II, Summary 

I 
Inlet: IV, PI. W-3 

INSTRUMENTATION FOR PHOTO-INTERPRETATION: I 

Kames: I, PI. VII; IV, y-3, -12, -13, -17 

KEYS: I, 1, pp, 1, 2 

Keys, londform. II, sect, ^j Oblique Air, large to medium scale 
j   C photos. COVES, II, sect. 5, 15-17; POINTS, II, sect. 5, 

17» 18; possible variations of: II, sect, 5» Tables; 
I vegetation and seasonal aspect: II, sect. 3>, p. 9; 

Vegetation-landfom, BANKS: II, sect, 5, 13-ll|.; COVES: 
II, sect. 5, 11-12; POINTS: II, sect. 5, 12-13. 
See: Speoial Index of Keys, Part I 

Landforma: I, PI. I; II, Summary 1; of Chesapeake Bay (points, 
coves, banks), definition, examples; II, Introduction, 
Ij.; patterns ,classes t  III, Introd* 1; polar: III, PI. 
XXVII-LXI, LXV; used vith vegetative pattern, method of, 
III, A-3, PI- M-22.  See: Keys, Vegetation, Zo.nation 

1 

LANDING CONDITIONS, on Arctic beaches.  See: Arctic Beachob 

Landslides: IV, c-2 

Larch and Black Spruce forest, Arctic and SubarcticJ in, M-li, 
PI. X, XI, XIX, XXX 

Lichens, black, Subarctic Mts: III, PI. M-ll 

Light-table O'Neill-Nagel, for Interpretation of Color Trans- 
parencies: I 

f 
s* Lights:  See: Illumination. 

• 
\ 
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Loblolly pinei I, PI. M^ 

Lowlands, subarctic drainage basins: III, 1. See: Alders, 
Travel conditions, Water-table. 

Lumbering: I, PI. VI, VII, OC-3 

Mahogany mountain, obstructive underbrush: IV, PI. C-l, -2. 
See: Obstructive 

Maple, sugar: IV, PI. P-7 

i 
i 

MAPS, SUPERPOSABLE USE: III, Introd. 6, 7. 

* 

MAPS, ARCTIC, botanical, climatic: III, Introd, 9 

MAPS OF USSR, SUPERPOSABLE: III, sect. 7 

MARSHES: I, PI. Ill, TV, NY-2, Snowfall Ser. PI. I. 0C-3i II, 
Introd. 7; III, PI. I, II, III, XI, XIV, XXIV, XXVIII, 
XXXVIII, XL.  See: Cat*tail m., Sedge m. 

MARSHES, subarctic lowland: III, PI, 1 

Marshland: IV, 6; PI. W-25, W-2.  See: Marshes 

Meadow: I, PI. NY-1. -2, Snowfall Ser, Pl« I 

MOSS, REINDEER: III, PI. XXVII, XXXII, PI. M-20, M-I4. 

Moss:, sphagnum under black spruce: IV, PI. W-21 

Mound (rounded): I, PI. VII 

Movement, aspects of: I, l±, pp. 3-9; tfie&ns of military: 6, 1, 
pp.  1-9 

MUD: I,   Introd.,   p. 9 

MUD,   ?3U3ARCTIC:  III,   PI. XXV,   PI. M-2.   See:  Coves,  Delta 

Mud-bar,   in arctic lowland;  III,   PI,  VI,   VII 

Mud bottom: See:  Cat-tail 

V MUSKEG:  III,   sect,  6,   PI.  Peat-2 
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Muskeg species,   black spruce and tamarack:  IV,   PI* >/-21 

Muskrats:  I,   PI.  V 

.Vanes 5c symbols, See.- Botanical names & symbols 

North facing slope, colder: III, PI. XL, PI. M-22 

Northern Hardwoods: IV, PI. W-5, -6, -7; IV, y-7, -10, -11, 
-15; associated with hemlock, IV, PI. W-18; character- 
istics, indicator, IV, Pi. W-5, -6, -7 

Norway pines: I, PI. VII.  Scs: Hemlock 

Oak, Blackjack: II, PI. 1 

Oak forest, on mountain: IV, D-l 

Oak, red: IV, PI. P-8 

o Oak, scrub: IV, PI. 17-8; IV, 6; characteristics, indicator-, IV, 
PI. W-8.  See: Concealment, Dry terrain, Obstructive, 
Terrain Conditions 

I Oblique Air Photography: IV, PI. D-2.  Gee; Keys 
! 

Obstacle, foot travel (Hazel): IV, PI. W-3 

OBSTACLE TO TANKS, aspen poles: IV, PI. W-2 

Obstacle, tank: IV, PI. V/-|j. 
! 

Obstructive on foot, spruce, hemlock, swamps: IV, PI. P-2, -3. 
-I4..  See: Swamp 

Obstructive on foot, scrub oak: IV, PI. P-I4.. See: Vegetation 

Obstructive underbrush, mountain mahogany: IV, tl,   C-l 

Oil pipe-line: I, PI. T-i, -I4. 

OUTWASH (PITTED GLACIAL): I, PI. I, III, PI. A-l, -2, -3, -Ij. 

PATTERNS OF VEGETATION: I, Pl» III, II; on travel conditions? 
Ill, 1-2 

.. 
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PHOTO-INTERPRETATION, Generalizations on terrain conditions 
(rules): II, sect, 6, 2 

PHOTO-INTERPRETATION, Methods: II, sect,, 6; II, sect. 5, 1; II 
Introd. 6; "scanning": II, Summary 1; Tables: II, sect. 7 
See: Self instruction of 

Photo recognition, value of IDENTIFYING single tree: II, sect. 
6, p. 6 

Pine forest, mixed: t*ee: Grassland 

Pine Jack: IV, 6, W-2; characteristic*, indicator, IV, PI. W-15, 
Q -16, -17 

Pine , northern scrub, indicator: III, PI. IX-XI 

Pine, Norway: IV, 6; characteristics, indicator: IV, PI. W-13, 
-U4.; confused with White Piue: IV, PI. W-10, -11 

Pine "Ponderosa": I, PI. OC-li; IV, PI. C-l, -3, -ij. 

Pine Scotuh, indicator: III, PI. X 

Pine, White: IV, 6, y-12; IV, y-2; IV, PL. W-2; IV, PI. P-8, 
} W-2; characteristics, indicator: IV, PI. W-10, -II, -12 

[ Points: IV, PI. W-3. See: Keys 
I 

PRACTICE QUESTIONS AND ANSWERS I I 

\ Protection: Rep. 6, sect* 1, p. 1 

Pulpwood: I, PI. VII 
\ 
I Quaking asp: I, PI. Ill 

» 

QUAKING bOG:   IV, W-2$.  See: Bog 

QUESTIONS AND ANSWERS? I, M-Ser. pp. 1-6 
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PEAT 3003,   SIGNIFICANCEj   III,   sect.  6,   1.     Seel  Bog 

Perched water-table: IV,  y-10 

Photography,   Autumr,   spring:  IV,  D-l 
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Rainfall effect on soil hard pan: II, Introd. 9 

Recognition of Vegetation,Seasonal Color changes: IV, PI. D-2 

Red maple (our rubrum), swamp hardwood: IV, y-7. 
See: Seepage 

i 

Red spruce: I, PI. VI.  See: Spruce 

Reeds: I, PI. Ill 

Reindeer-moss: I, PI. II; Snowfall Ser. PI. Ill; III, Introd. ij. 

River banks, Alaska: III, PI. A-3 

Rivers, mountainous arctic regions! Ill, Pls M»2 

ROAD BUILDING MATERIAL: I, PI. I, VIII, T-lJ locating: IV, 
y-18; location clues: IV, Introd. 2 

(~< 
ROAD BUILDING SITE, subarctic lowland: III, PI. I 

ROAD CONSTRUCTION, road sites on glacial deposits: IV, y-Li., 
•18; sprir.g thaw effects on spruce-fir forest: IV, y-lj. 

Route Iplanning the): I, PI. I 

Runnels: III, PI. XXIV 
f 

Russian, Transliterating Alphabet: I 
I 

Salt myrtle, brackish water Indicator: II, sect., 5, ?• 2, 
PI. IX 

Sandbars: II, Introd, (\  absent: III, PI. IV 
t 

Saplings: I, PI. OC-2 

Srrub birchi III, PI. M-6. M~?2 

Scrub oak, dry terrain: IV, P-l 

Sea ryej I, PI. II 

Geasonsi aspects: I, PI, IV 

R I- 3 T R i C 7 1" D 
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Seaweed, landing operational III, PI. XXXVII, XLII 

Sedges: I, PI. Ill; III, PI. Ill, V, VI, X? IV, PI, W-25 

Sedge marsh, subarctic lowland: III,?1-1 

Sediments, depositor water: II, Introd. L, 8 

Seepagei hemlock, red maple, IV, PI. D-3, -6; lowland brush 
willows, alders, IV, PI. W-26; vegetation, IV, Pi. C-3 

Self instruction of Photo-interpretation: IV, Introd., p. 1 

r> 
Shelter: 6, 1, p. 1 

Slope aspect, N & S facing slopes; E & W lacing slopes: IV, 
PI. C-lj.; south facing arotic slopes: III, Pi. XXX 

Slope mountuirs, arctic and subarctic effect on travel condit- 
ions: III, M-l 

(_ Snow (melting):  I,   3no;:fall Ser.  p. 2,   PI.  Ill,   IV,  V 

i 
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Serai-desert vegetation: II, Introd. 10 

Serpentine,barrens, New Caledonia; II, PI. IV 

SERPENTINE BARRENS, soil & vegetation: II, Introd. 12; chemical 
effect on vegetation, II, Pi. I-V 

"SHIELD" AREA: III, PI. IX, XII, XIII 

Shrub: I, Snowfall Ser. PI. IV 

Ski-poles: I, Snowfall Ser. PI. V 

Ski-tracks: I, Snowfall Ser. PI. V 

Slopes: I, PI. VI, OC-I4., -5 

I 

! 
• 
1 

i 
Slope, terrain subarctio lowland: III, 1-1 

f 
t 

Snowfall, Useful in Photo-Interpretation: I, Snowfall Ser. p. 1. 
PI. I 
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Snow-shoe tracks: I, Snowfall Ser. PI, V 

Snow-shoe travel, subarctic lowland: III, PI. 2 

Softwoods: IV, y-6, -10, -11, -13, -li+ 

Soils, shallow, effect on vegetation: II, PI. I, 
See: Water deficiency 

Sphagnum, component of quaking bog: IV, PI. W-22, Se<9:Moss 

Spruce-birch forest, Inland arctic: III, Introd, 6 

Spruce (black): I, PI. II, III, VI; III, PI. I, II, III, V, 
VIII, X, XIII, XXI; IV, 6.  See: Bog 

i 
! 

Spruce, black and larch: III, sect. 5, &-k»  M-18 

Spruce (Black) bogs and related terrain: IV, y-17 

Spruce, Black, characteristics, indicator: IV, PI. W-21, -22 

Spruce, Black, Red, White. (NOTE: separated frc-? Balsam. Fir): 
IV, y-6 

Spruce fir forest, Travel Conditions in: I 
t 

Spruce, Red: I, PI. VI; IV, y«2; IV, y-10 

Spruce, White, indicator: III, PI. 1 

Stream Banks: II, PI. VII, VIII 

Cubarctic forest, southern limit: IV, I4. 
"      "    world wide uniformity: IV, 3 

Sumac, 5>emi-deaert indicator: IV, PI, c-3 

Swamp: I, PI. IV; III, Pi, II; II, Introd. 7; hardwoods: IV, 
PI. W--9, -21; cedar, obstructive: IV, PI. W-2lj.. 
See: Hardwoods, Obstructive 

Sweet gale: I, PI. Ill 

Tables for deducing terrain conditions: II, sect. 7 
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Tables* how to use la teirain conditional II, &set* 6 

Tables of Indicator, Plantss 17, 5» 6, ? 

Tables, Russian Transliterating! Part 1 

Tables Indicator, Vegetation - terrain, Chesapeake Bey shores I 
II, 3SCt. 7 

Tactics, Rep* 6, sect. 1, p. 1; I. J+, pp. 2, 3 

Talus slopes, arctic and subarctic fits: III, M-l; 

Talus, "".stabilised subarctic Ktsl III, PI. M-Uj. 

Tamarack: IV, 6, y-7; characteristics, indicator, IV, PI. W-22, 
-23.  See: Black Spruce, Terrain wet 

o 

Tidal flat: I, ?1, III, Snowfall S*r* PI* I 

TRACTOR TRACKS REVEALED en air photographs by ootbon-grasa: 
III, PI. XXXIV 

Trails: I, PI. V 
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TAHKS,   obstacles to: IV,   PI. W-2;  I,   Introd. pp.  7-9 

Terrains I 

Terrain conditions: I, I4., pp. 1, 3 (vs Waging War), 6, 1, p. 1; 
deduced from vegetation only: II, sect. 6, p. 6; mount- 
ain oak effect: IV, D-l; subarctic, flat* III, ?1. 1-7; 
subarctic river: III, PI. XL, IV; subarctic heath: III, 
PI. XXVI 

Terrain, obstructive qualities: IV, W-l 

Terrain and Spruce fir forest: IV, y-7 

Terrain wet: Hemlock awarap, IV, PI. P-6; Indicators, tamarack, 
black spruce, IV, PI. P-2 

Teat Location, reason for choice: II,Introduction. 

Texture: I. Pi. NY-1, -2 I 



t 
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Teoh. Rep. 6 mdex part   I page ^ 

Trails,  gam*! Ill,   sect. 5,   M-28 

PI. D-6 

Water-holding capacity of soil: IV, P-l 

Water-lilies, as indicator-plant: III. PI. XI 

Water-logged terrain: III, Pi. i, n, v, vill 

Water-table: TV, C-l 

Water deficiency, effect on vegetation of porous soil: II. 
Introd, 11 ' 
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Travel conditions: mountains. III, M-l; subarctic lowlands, * 
III, 1-2. See: Vegetation, Water-table. j 

Travel methods in subarctic lowlands: III, PI, XXII J 
Travel routes, Arctic and Subarctic mountains: III, M-3 

Tree-line: I, PI. II; Subarctic Mts, III, PI. M-12, M-20 

Trees coniferous: IV, C-l; deciduous, IV, C-l 

Tress and Shrubs, Listof, inland shores: II, sect. 5, 3, 3a, 3b 

"Tundra" vegetation: III, PI. XXXIII 
i 

Tussocks: I, Snowfall Ser., PI. Ill, V 
! 

O     Underbrush: I, PI. T-I4.; under oak forest vs obstacle: IV, 
PI  n_A 

VEGETATION: Arctic, III, PI. XXVIII, XXIX; chemical differences 
of soil reflecting in; II, Introd. 7; landform relation- 
ship: II, sect. 5, lj and moist wind direction: IV, C-2; 
non obstruction: IV, PI. C-l; pattern: II, Summary 1, III 
Introd. 5; pattern, diagrams, Banks, Points, Coves of 
Inland Shores: II, sect, 5» PP» U-7; pattern zonation: 
III, PI, A-3, A-9* M-8; related to landforma: IV, y-2; 
relation to land forms: II, Introd. 5; scant indicator 

j of low water holding soil: IV, PI. C-ij.; sparse: IV, C-l, 
-3, -I4.; subarctic: III, PI. XXVI; and travel conditions, 
subarctic Kts: III, sect. 5, M-29; zones, aonation: III, 

j PI. Ill, IV, VII, VIII, XI, XXII 
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V.'ater-table i bogs (marshland), IV, PI. W-2$. 

effect on vegetation: III, A-9; mounti 
Subarctic, effect on travel eonditiom 
uerched (formation of nardpan): II, Ir 
io lowlands, imporhance! Ill, 1-1 

Weapons! fc. 1, p. 1 

Weather: I, Ij., p# 3 

White objects, arctic and subarctic: III, sect. 2 
M-18, -19 

White pine: I, Pi. NY-1, -2, Snowfall Ser. Plk II 

White spruce: III, PI. II, IV, VI, XI, XIII, XV, 
See: Spruce. 

Willowsj T. PI, III; III, PI. Ill, IV, VI, VII, 
f~) XV, XXII, XXXI; lowland brush: IV, PI. W- 

tivel III, PI. M-12 

Wind (direction of): I, PI. II. See: Vegetati^, 

Yucca indicator of dry terrain: IV, PI. C-l;, C~ 

Zonation: I. PI. Ill; II, Introd. pp« $,   6.  3. 

Zonation, Inland shores: II, sect. 5» p. 2 

Zonation and Landforms, on Inland shores: II, 

Zonation of vegetation example: II, sect., 6, ; 

Zonation, vegetation of coves: II, ?i, X 

conation (black s.wuuu circa bor»th): IV, y-l8 

Zonation, vertical: III, PI. H-12, M.23 

Zones of vegetation, Diagram,Coves of Chesapei 
5, pp. k-8 
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